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ABSTRACT

Oollections from 274 midwater trawl hauls made in the central Pacific Ocean
by the Bureau of Commercial Fisheries during the years 1951 through 1956
were analyzed quantitatively to obtain estimates of the abundance and dis-
tribution of forage organisms. Occurrence of these organisms in the trawl
catches was compared with the cccurrence of similar organisms in the stomachs
of yellowfin, bigeye, skipjack, and albacore tunas taken by longline, surface
trolling, and pole-and-line fishing. Four trawls were utilized (6-foot beam
trawl, 1-meter ring trawl, and 6-foot and 10-foot Isancs-Kidd trawls) in double
oblique hauls hetween the surface and 400 meters.

The largest catches by the Isaacs-Kidd trawls were made in the Aleutian
Current and in the region of upwelling at the Equator, and the poorest catches
south of latitude 5° 8. in the North Equatorial Current between latitudes
10° N. and 18° N., and in Hawaiian waters. The greatest variety of organisms
vccurred in catches made in the South Equatorial Current and in the
Countercurrent.

There was poor correspondence between the composition of trawl ecatches
and the contents of tuna stomachs, since most trawl hauls were made at night
and the fishing which provided the tuna stomachs occurred in the daytime.
There was marked diurnal variation in the trawl catches. Night hauls
produced catches larger in volume, number, and size of organisms. Diurnal
differences in composition of the trawl catches were striking.

The larger trawls generally produced the largest catches, but in catch per
unit of mouth area the trawls were about equally efficient in a geographic area.
The largest catches and greatest variety of organisms were obtained by the
largest and most frequently used trawls. All four trawls sampled organisms
of about the same phyla, classes, and orders; the major difference was in
the families and genera of fishes caught. Only six juvenile tunas, from
18 to 60 mm. in length, were caught, although juvenile tunas were thought to
be present in the area at the time of the trawling.

Trawl catch volumes were correlated with various environmental factors
and found to be more closely related to zooplankton than to inorganic phosphate
or to the uptake of C'* by phytoplankton.

Checklists of the organisms captured, showing percentage occurrence and
average number per haul of a large number of taxonomic categories according
to six latitudinal zones, and a table of references useful in identifying organisms
captured by midwater trawling are presented.

’




MIDWATER TRAWLING FOR FORAGE ORGANISMS IN THE CENTRAL
PACIFIC, 1951-1956

By JOSEPH E. KING AND ROBERT T. B. IVERSEN, Fishery Research Biologists
BUREAU OF COMMERCIAL FISHERIES

Since the inauguration of field work early in
1950, the staff of the Bureau of Commercial Fish-
eries Biological Laboratory, Honolulu,' has con-
ducted studies on the oceanography, productivity,
and fishery resources of the central Pacific Ocean.
Although not a major activity of the Laboratory’s
research program, midwater trawling has received
considerable attention. Four kinds of trawls were
tested and employed to a varying extent on 22
cruises in the central Pacific from 1951 to 1956.
Trawling was not conducted, however, with the
expectation of discovering new fishery resources
of commercial importance, but rather to sample
quantitatively the forage organisms which are the
basis and support of fishery stocks in general, and
particularly those organisms utilized by the tunas.

Midwater trawling has been conducted along the
west, coasts of Canada and the United States by
a number of institutions employing different types
of gear. The Fisheries Research Board of Can-
ada, Biological Station, Nanaimo, British Colum-
bia, pioneered in the development of a commercial-
type trawl for use in the herring fishery (Barra-
clough and Johnson, 1956). This trawl, or one of
its modifications, has been used by the Bureau of
Commercial Fisheries in fishery explorations in
the eastern Pacific (U.S. Fish and Wildlife Serv-
ice, 1956 ; Schaefers and Powell, 1958). The Cali-
fornia Department of Fish and Game has also
tested a commercial-type midwater trawl of
somewhat different design (Pacific Fisherman,
1953). The Isaacs-Kidd midwater trawl was de-
veloped at Scripps Institution of Oceanography
to collect” bathypelagic fishes and invertebrates
(Devereaux and Winsett, 1953). This type

1 Formerly Pacific Oceanic Fishery Investigations.
The senior author iy presently Assistant Chief, Branch of
Marine Fisheries, Washington 25, D.C.

Approved for publication, November 30, 1961. Fishery Bulle-
tin 210,

of trawl has been employed by Scripps staff
members on numerous cruises in the eastern
Pacific and has also been used recently in the
northeastern Pacific by personnel of the Uni-

. versity of Washington Department of Ocean-

ography to relate variations in the abundance of
plankton and nekton to other oceanographic fea-
tures (Aron, 1959). Some of the studies men-
tioned here have resulted in discoveries and infor-
mation that have been of great value and interest
to the commercial fishing industry, and all have
made worthwhile contributions to our seant knowl-
edge of the abundance and distribution of animal
life in the mid-depths of the ocean—a life zone
that presently contributes little in the way of
human food (Whiteleather, 1957; Powell, 1958).

Specific objectives of the trawling program
were as follows:

(1) To obtain a measure of the abundance and
distribution of potential tuna food; (2) to obtain
an estimate of the standing crop of forage organ-
isms; (3) to sample juvenile tunas; (4) to learn
something of tuna feeding behavior, e.g., depth
of feeding, diurnal variation, and selectivity; and
(5) to evaluate the general catching abilities of
different midwater trawls in the highly trans-
parent waters of the tropical and subtropical
Pacifiec. This report describes and evaluates the
results of our trawling studies with respect to these
objectives.

H. J. Mann, of the Honolulu laboratory, pre-
pared the engineer’s drawings of the trawls and
helped the authors with the detailed descriptions
of the trawls. Fromn the engineer’s drawings,
Tamotsu Nakata prepared the drawings and other
figures that appear in this paper. Isaac Ikehara
and Allen Shimomura assisted in the sorting,
counting, volume measurement, and identification
of the organisms in the collections.
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TaABLE 1.—Number of hauls, cruises, and general areas where midwater trawling was accomplished, by type of gear,
central Pacific, 1951-56

Qear and cruise Crulise period General area Number
of hauls
6-foot beam trawl:
John R. Mamu'ng Cruise 9--coceeon November 1951 .. . _____ Hawailan waters. ... s 10
Hugh M. Smith:
Cruise 14 o\ February 1952___. E 1al Pacifie. . _______________ . 2
Crulse 15 o eeenaes June 1952 e d0o-_..- 4
Subtotal. .o eummmammme e mmmmc e mm s me—————— e mmeamemsememmm—n e - 16
1-meter ring trawl:
Charles H. Gilbert:
Cruise 11.._. April 1953__ . 10
Cruise 12. May 1963. 10
Crulse 13.________ -| June 1953___. 2
Fugh IvI Sm:th Cruise 21 ... August 1953_____.__ 1
Subtotal. .o O S 23
6-foot Isancs-Kidd trawl:
John R. Manning:
Cruise 15. May 1953, ..o ceececacanccanam—a———— Equatorial Pacific. e mmmammemmmmmemmeeeseeam.— 1
July 1953... .-.--do. . 3
Apnl-May, 0 Equatorial Paciflc and Hawaiian waters. 22
July 1954 ______ -| Hawailan waters__________________________.__ 4
September-October, 1954._ North Pacific and Hawaiian waters.._.._ 10
December 1964 ... North Pacifie.._ 2
March-April 1955____ Equatorial Pacific 13 .
January-February, 19 North Pacific and Hawaiian waters, 23
L] Y ) O SR 78
10-foot. Isaaw-kldd trawl:
Hugh M. Smith:
Cruise 27 January-February, 1955. 3
Cruise 30_ July-August, 1955__ 37
Cruise 31. September-Decemb: Equatorial Pacifie. 53
Cruise 32. February 1956_..___ Hawailan waters - 8
Cruise 33.... March 1956, ... _____._ -| Equatorial Pacific. .....___. - 5
Cruise 34_.. May 1958 o eaeae- -| Hawalian waters. ... o necmmraamame o e acamccamcam e m————— 4
Cruise 35_.__ August-October, 1956. ... __ Equatorial Pacific and Hawalian waters. 43
Cruise 37_...__ December 1056 . ..o ..o -| Eniwetok......... - 4
Subtotal. .o | mcmm e 157
B o R 274

SOURCE OF DATA

This report is concerned with the results of 274
midwater trawl hauls made on 22 cruises of
Bureau of Commercial Fisheries vessels in the
central Pacific during the years 1951-56. A sum-
mary of the hauls made and the general areas
sampled by each vessel on each cruise is given in
table 1. Positions of the trawl stations are sup-
plied in appendix tables 1 to 4.

The area investigated extended from latitude
49° N. to 19° S. and from longitude 108° W. to
162° E. The approximate positions of stations
where each type of trawl was employed are shown
in figures1to 4.

DESCRIPTION OF GEAR AND METHODS
OF HAULING

This report is concerned with the results ob-
tained with four kinds of trawls: (1) 6-foot beam
trawl, (2) 1-meter ring trawl, (3) 6-foot Isaacs-
Kidd trawl, and (4) 10-foot Isaacs-Kidd trawl.
A description of each trawl follows.

6-FOOT BEAM TRAWL

This trawl consists of a net 30 feet in length with

a 6-foot-square mouth opening held open across
the top and bottom by 6-foot lengths of galvanized
pipe (fig. 5). The body of the net is constructed
of 1-inch (stretched measure) cotton netting; the
cod end is of 14-inch mesh. The rear half of the
net, including the cod end, is lined with 3/16 mesh
(square measure) minnow netting. We do not
know where the design for this gear originated.
_ This trawl was operated from the John k. Man-

ning and the Hugh M. Smith at speeds of 4 to 5
knots, using a towing cable of 14-inch wire rope.
On each haul a 50-pound bronze depressor or a
100-pound streamlined lead weight was suspended
from the lower pipe beam. Table 2 gives the min-
imum and maximum towing tensions obtained
when hauling at various speeds and with different
amounts of wire out. At the usual hauling speed
(4 to 5 knots) the maximum tension did not ex-
ceed 2,000 pounds. Most hauls were oblique
tows, ranging from the surface to depths as great
as 450 meters. The depth of the haul was esti-
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Fiaure 1.—Location of the 16 stations where hauls were
made with the 6-foot beam trawl. (Number of stations
in parentheses.) :
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FI6URE 3.—Location of the 78 stations where hauls were
made with the 6-foot Isaacs-Kidd trawl.

mated from the angle of the towing wire and the
length of wire out, using the secant relationship
with the assumption that the towing wire de-
scribed a straight line in the water.

TABLE 2.—Towing tensions obtained with the 6-foot beam
trawl, measured with a dynamometer, on John R. Man-
ning cruise 9

Towing tension
‘Wire out Main Estimated
engine |vessel speed
speed Minimum | Maximum
R.p.m. Knots Pounds Pounds
10 meters... ... 110 3.5 640
10 meters.... 150 4.7 850 1,280
200 meters. . 150 4,7 850 1,280
400 meters. . 150 4.7 920 1,350
400 meters... 200 6.2 1,280 2,200

The collections were stored in glass jars and
preserved in formalin neutralized with borax.

FI1GURE 2.—Location of the 23 stations where hauls were
made with the 1-meter ring trawl. (Number of stations
in parentheses.)
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F1cUre 4.—Location of the 157 stations where hauls were made with the 10-foot Isaacs-Kidd trawl.

1-METER RING TRAWL

This gear, which we termed a “ring trawl,” con-
sists of a circular net, 1-meter in mouth diameter
and 414 meters in length, attached to a steel ring
1-meter in diameter (fig. 6). The net is of 2-inch
mesh (stretched measure) No. 12 cotton twine and
is equipped with a cod-end liner of 3{g-inch mesh
(square measure) minnow netting. On most hauls
an additional liner, slightly more than 1 meter in
length and of 14-inch mesh (stretched measure)
cotton netting, was attached in the net just for-
ward of the cod end.

Except for one haul this gear was operated only
from the Charles H. Gilbert, usually at speeds of
6 to 7 knots, but reachinig a maximum of 814 knots

on a few test hauls. The towing cable was 1/-inch
diameter wire rope. The 1-meter ring at the
mouth of the net was initially constructed of
Y-inch stock and was without reinforcement.
At higher towing speeds the ring did not retain
its shape and was replaced with one of 1-inch
thickness, reinforced with two transverse bars
(fig. 6).

A 50-pound depressor or a 100-pound stream-
lined weight was suspended below the net. At
average towing speeds (6 to 7 knots), the maxi-
mum towing tension did not exceed 1,000- pounds
(table 3). The trawl was operated, usually on
oblique tows, at depths ranging from the surface
to 200 meters. As in the case of the 6-foot beam
trawl, the depth of haul was calculated trigono-
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F16uRe 5—Diagram of the 6-foot beam trawl, showing the arrangement of weight and bridle lines.'

metrically with the assumption that the towing
wire described a straight line.

6-FOOT ISAACS-KIDD TRAWL

A scaled down, 6-foot model of the Isaacs-Kidd
trawl was constructed from plans provided by
Scripps Institution of QOceanography for 10- and
15-foot models. The net is 28 feet in length with
the forward section of 114-inch mesh (stretched

TABLE 3.—Towing tensions obtained with the 1-meter ring
trawl, measured with a dynamometer, on Charles H.
Gilbert -cruise 13

Main Estimated Towing tension
‘Wire out engine vessel
speed speed
Minimum | Maximum
R.p.m. Knols Pounds Pounds
195 meters. 550 5.9 130 260
195 meters. 700 6.7 200 390
195 meters._ 800 7.2 230 620
195 meters._ 900 7.7 390 720
195 meters........_. 950 7.9 440 750
195 meters_......._. 1,000 8.1 440 1,005
575 meters. 1,000 8.1 880
990 meters._ 1,000 8.1 |- 1,080
975 meters. - 1,000 8.1 |[.. 1, 500

- 637256 0—62——2

measure) No. 9 cotton twine; the middle section

is of 34-inch mesh and the rear section of 14-inch

mesh (fig. 7). The cod end is lined with stramin
or with No. 14XXX silk grit gauze. Since the
diving vane of the trawl exerted a strong depress-
ing action, no extra weights were needed.

This trawl was hauled from the Manning and
the Smith at speeds of 4 to 6 knots, on a towline
of 14-inch wire rope. At these speeds and with
100 to 300 meters of wire out, the towing tension
ranged from 600 to 1,200 pounds.

Devereaux and Winsett (1953) provide data on
the shape of the towing wire for the 10- and 15-
foot models of the Isaacs-Kidd trawl during tow-
ing. Because of the depressing action of the diving
vane, the straight-line assumption could not be
applied when we calculated hauling depths. Since
a suitable depth meter was not available, we esti-
mated the curvature of the towing wire and the
trawl depth by a method described by Hida and
King (1955), which required frequent measure-
ment during the haul of wire angle and amount
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TRAWLING FOR FORAGE ORGANISMS IN CENTRAL PACIFIC 277

of wire out. Depth conversion factors (table 4)
were calculated from plots of these data.

TaBLE 4—Depth conversion factors used to estimate depth
of haul for 6-foot Isaacs-Kidd trawl

| Wire out (in meters) X factor = trawl depth (in meters)]

Wire angle Depth conver- Cosine 1
sion factor
0. 44 0,375
42 .358
40 342
38 .326
36 .309
34 292
32 . 276
31 .259
30 .242

1 Cosine of the wiré angle, the appropriate conversion factor if the towing
wire described a straight line, is given for comparison.

10-FOOT ISAACS-KIDD TRAWL

Since the 10-foot trawl used in this study by
the Laboratory in Honolulu has been considerably

modified from the original plans given by Dever-
eaux and Winsett (1953), we shall provide a de-
tailed description of the main features of the
gear.

Trawl Net

A schematic view of the net is shown in figure
8 and detailed plans are given in figure 9.

The front section of the net, about 27 feet in
length, is made of 114-inch mesh (stretched meas-
ure), double-knotted, No. 207 nylon twine, dyed
red. The mesh counts for tapering the top, bot-
tom, and side panels are shown in detail “A” (fig.
9). The headlines and other supporting lines are
of 34-inch 3-strand nylon. The headline is
attached to the diving vane by wire pennants of
14-inch-diameter 7 x 19 stainless steel wire Nico-

SCHEMATIC VIEW OF VANE AND NET

Ficure S.—Schematic view of the 10-foot Isaacs-Kidd trawl used by the Bureau of Commercial Fisheries Biological
Laboratory, Honolulu.
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FiavrRe 9—Construction details of the 10-foot Isaacs-Kidd trawl net.

pressed to stainless rings (shown in detail “B,” fig.
9).

The midregion of the net, 7 feet 4 inches in
length, consists of a circular tapered section of
34-inch mesh No. 207 nylon, detachable from both
front section and cod end by a system of double
rings lashed together with No. 207 nylon twine.
Rings are of 1/-inch brass rod, 24 inches in dia-
meter at the front of the section, 18 inches in
diameter at the after end. Four equally spaced
support lines of 3-strand 8 ¢-inch nylon are eye-
spliced into a ring at each end of the section.

The cod end is a cirenlar tapering section, 10 feet
in length, of 14-inch mesh No. 207 nylon. The last
6 feet of this section is lined with stramin, coarse
silk grit gauze, or fine-meshed nylon netting, which
is attached at its forward margin to the main net.

Diving Vane

Plans of the diving vane are shown in figure 10.
The body of the vane is formed of l4-inch steel
plate, 24 inches in width and 10 feet 10 inches in
length, bent at the midpoint to form an angle of
140°. The leading edge (section A-A, fig. 10) is
reinforced by a 1 x 2-inch channel iron welded to
the underside of the plate. A streamlined entry
is formed by pressing a 114-inch angle iron to
shape and welding it to the plate and channel -as
shown. The leading edge is faired at the after-
side by a strip of 4-inch plate 2 inches wide
welded to both the channel iron and the plate. All
of these welds are continuous and the entire lead-
ing edge assembly is made watertight to avoid cor-
rosion from the inside. Holes 3/-inch in diameter
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FI1aORE 10.—Construction details of the diving vane of the 10-foot Isaacs-Kidd trawl.

are drilled on the midline and ends of the vane
with their centers 1 inch from the after edge of
the vane.

A pipe strut 17 inches in length extends down-
ward from the front center of the vane (detail B,
fig. 10). Lengths of 6-inch pipe are split length-
wise and welded together to form a faired cross
section. Thisstrut extends up through the leading
edge of the vane and is welded both above and
below. A 2-inch-wide center strip of 14-inch plate.
covers this point and adds stiffening to the vane.

The tension member consists of a wire pennant
made from 384-inch-diameter 7X19 preformed
stainless steel wire rope. Solid rigging thimbles
are installed at each end. The tension adjustment
is made with a 54-inch closed pipe turnbuckle se-

cured by 34-inch galvanized chain shackles. Pad
eyes of 84-inch plate drilled for 34-inch shackles
are welded to the vane at each end. An 8-inch
length of 34-inch pipe is bent around a suitable
radius and welded to the lower end of the pipe
strut to serve as a guide for the tension member.
Tension on the wire should not be excessive; the
wire after prestretching should be just hand-tight
since too much tension during towing will cause
the vane to buckle.

The towing arms are hinged triangular members -
formed by welding 14 x 2-inch plate bars into a
triangle with the towing center 6 inches forward
of the leading edge and 2915 inches above the hinge
center. The arms are hinged by means of a l4-
inch diameter galvanized pin held by 2-inch-long



280 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

357 CABLE

' EYE TO) JAW SWIVEL

'4" 7419 STAWLESS STEEL WIRE ROPE

Figure 11.—Towing bridle and spreader bar used with the 10-foot Isaacs-Kidd trawl.

sections of 3/-inch pipe welded alternately to the
towing arm and to the end plate of the vane.
This plate is fabricated from 1j-inch plate 13/
inches wide. All leading edges of the towing
arms are ground to a thin edge and the hinge pin
head is turned to a point to minimize resistance
and turbulence during towing.

After final assembly the vane is thoroughly
sandblasted and galvanized.

Towing Bridle and Spreader Bar

Details of the rigging of the towing bridle are
shown in figure 11. All sections are made of 14-
inch-diameter 7X19 preformed stainless steel
wire rope. The spreader bar is a 78-inch length
of heavy pipe with 4-inch bars welded at each end
and drilled to take 84-inch shackles.

Hauling Methods

The 10-foot Isaacs-Kidd trawl was hauled by
the Smith at speeds of 4 to 6 knots, on a towing
line of 34-inch wire rope. At 5 knots, with about
800 meters of wire out and a wire angle of 71°, the
towing tension ranged from 1,750 to 2,600 pounds;
at 6 knots, with the same amount of wire out and a
wire angle of 73°, the towing tension was 2,000
to 8,000 pounds.

As previously mentioned, data on the shape of
the towing wire during hauling of 10- and 15-foot
Isaacs-Kidd trawls have been given by Devereaux

and Winsett (1953). We have independently cal-
culated the trawl depth by the method described
by Hida and King (1955), based on measurements
of wire angle and wire out. Depth conversion
factors derived from these measurements are listed
in table 5.

TARBLE 5.—Depth conversion factors used to estimate depth
of haul for 10-fuot Isaacs-Kidd trawl

[Wire out (in meters) X factor = trawl depth (in meters)]

‘Wire angle

Depth conver-
sion factor

cocprPeoese
R 4 1

LABORATORY PROCEDURES

The trawl collection, drained of the preserving
liquid, was spread out in a shallow, white-enameled
pan and sorted into two size categories: organisms
less than 2 cm. and organisms greater than 2-cm.,
greatest dimension. This separation was made
since the first category was not judged to have
been sampled in a quantitative manner because of
the coarse mesh of the nets used. Each size group
was further sorted into kinds of organisms, with
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identifications being made to the most precise
degree that seemed practical.

The number of individuals and displacement
volume were determined for each kind or group
of organisms identified. The minimum and maxi-
mum lengths, in millimeters, were recorded for
each category of organisms. In some instances
the total number of the more numerous organisms
in the less-than-2-cm. category was estimated from
the number in a subsample.

In examining the resulting data it was evident
that those organisms less than 2 cm. in longest
dimension usually constituted a very small fraction
of the total volume of the catch. Of greater im-
portance was the infrequent occurrence of organ-
isms of large bulk. It was decided, therefore, to
give in the summary tables (appendix tables 1 to
4) the number of organisms and the volume of the
total catch, expressed in terms of 1 hour of hauling,
with the two size categories combined but with
added reference to the occasional occurrence of
large numbers of small organisms, such as euphau-
siids, and the infrequent bulky forms, such as
jellyfish or large fish, that greatly influenced the
volume of the catch or the total number of indi-
viduals in it. '

The nature of the trawling gear and the
methods used did not permit or justify an exact
quantitative evaluation of the catch. The amount
of water strained on each haul was not metered.
Vessel speed during hauling, however, was fairly
uniform for each trawl, since an attempt was made
to hold the wire angle within a narrow range of
values. Although most hauls were for a period of
1 hour, the time varied somewhat, as indicated in
appendix tables 1 to 4, and this variation was
taken into account. Other possible sources of
variation in the data were those relating to the
hour of hauling and to depth of haul. The major-
ity of the hauls, however, were made at night
within 1 to 3.hours after sunset and sampled the

upper ocean layer between the surface and 400
meters.

Detailed lists showing compeosition of the
catches for each of the four trawls are given in
appendix tables 5 to 8, Because of the great
variety of invertebrates and fishes in the collec-
tions, it was not possible to give equal attention
or bring the same skill to the identification of all
groups. Major effort was spent on the euphau-
siids, shrimps, and stomiatoid and myctophid
fishes because of their prominence in the collec-
tions. References used in the identification of the
different groups are listed in the appendix (p.
304). Berg's (1947) system of classification and
nomenclature was used in most respects for the
family names of the fishes.

Where appropriate, the data were subjected to
statistical analysis and the results expressed in
terms of the probability that the event occurred
by chance alone. We regarded events with
P=0.05 as not occurring by chance and therefore
of significance.

CATCHING ABILITIES OF THE FOUR
TRAWLS

The catching ability, or efficiency, of a midwater
trawl is related to many factors, including size of
the mouth opening, mesh size of the net, and haul-
ing speed,.and also to the amount of disturbance
or turbulence directly ahead of the net caused by
the towing cable and bridle lines. These general
features, except turbulence, are summarized in
table 6 for the four trawls. The 1-meter ring
trawl, which had the largest mesh and was towed
at a slightly higher speed than the other three
trawls, produced the poorest catches, both in num-
ber and in volume of organisms. As shown in
figure 6, this trawl also had the most obstruction
immediately ahead of the net; the other three
trawls were much better designed in this respect.

TaBLE 6.—Factors affecting catching ability of the four trawls used

Tsaacs-Kidd
6-foot
Factor beam l-meter ring
6-foot 10-foot

Size of mouth opening (sq. ft.)- - . _____... 36.0_______ 84 . __. b . S 88.3.
Mesh size:

Front and midsection (stretched measure)......| ldnch_____ 2-inches_____._____ 1%-and ¥4-nch________.._______. 1%- and 3{-inch.

Cod end liner (straight measure). .- -ooooooo.. #g-inch___| 34- and 3{e-inch__.| 1g-inch (stramin or equivalent)...| }s-inch (stramin or equivalent).
Hauling speed. .. o oooooo e 4-5knots__| 6-7knots__________ 46knots ___________ . 4-6 knots.
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! Although the amount of water strained by our

midwater trawls was not metered, it can be esti-
mated fairly accurately if we can accept certain
assumptions; namely, that (1) the hauls were
made at uniform speed; (2) the nets were 100
percent efficient, i.e., all of the water entering
the mouth of the net passed on through; and
(3) the amount of water strained was, there-
fore, proportional to the area of the mouth open-
ing. It must be admitted that these assumptions
may include some error, but we believe that for our
purposes Lere they can reasonably be applied to
the Isaacs-Kidd trawls. The nets had a high ratio
of length to mouth opening and were of relatively
coarse mesh, except for the cod end. There was
never any evidence of clogging. Vessel speed was
adjusted during the tows to yield a wire angle of
70°-72°, and the actual hauling speed was gen-
erally maintained within a range of 4 to 6 knots.
If we accept 5 knots as the average hauling speed,
in 1 hour the 6-foot trawl would strain 25,668 cubic
meters of water and the 10-foot trawl would strain
76,043 cubic meters. '

We have calculated average values in terms
of number and volume of organisms in the total
catch, for each of the four trawls for each major
geographic region investigated (table 7). The re-
sults show considerable variation, part of which
is influenced by the large numbers of euphausiids
and barnacle larvae obtained in the North Pacific
with the two Isaacs-Kidd trawls and by a few
large catches, also of euphausiids, made in the
equatorial Pacific with the 6-foot beam trawl. The
volume of catch varies generally with the size of
the trawl. 'When evaluated in terms of volume of
catch per unit of mouth area, we find that the two
Isaacs-Kidd trawls were on the average about
equal in catching efficiency; they showed no
marked superiority over the 6-foot beam trawl or
the 1-meter ring trawl when used in Hawaiian
waters, and were even slightly inferior to the
6-foot beam trawl when operating in the equa-
torial Pacific.

The average individual size (ml.) of organisms
in the catch varied inversely with the relative
amount of fine-meshed netting used to line the

cod ends of the trawl nets. . The net with the.

largest mouth diameter caught, on the average,
the largest organisms. The net with the smallest
mouth diameter did not catch the smallest organ-

TABLE T.—Number of organisms and volume of catches
made with the four trawls, in relation to gize of mouth
opening of the trawl net and to geographic region

[Number of quantitative hauls in parentheses]

Isaacs-Kidd
Region 6-foot |l-meter
beam ring
6-foot 10-foot
Average number of organisms
per hour of hauling:
North Pacific [ R, U 5,615 (26Y(1.485 (32)
Hawaiian waters.. 130 (10)| 68 (23){ 322 (19)| 314 (24)
Equatorial Pacific 3,234 (B) ... 600 (33)] 657 (101)
Average...._.__.__.________. 1,294 (18)| 68 (23)| 2,204 (78)| 773 (157)
Average volume (ml.) of catch
per hour of hauling:
North Pacific R (. [N 59.3 185.3
Hawaiian waters 22.4 5.4 22. 4 88.2
Equatorial Pacifie_. .. 147.6 | 103.2 | 232.9
AvVerage. .- occcomonn. 69.3 5.4 9 197.0
Average number of organisms
per hour per square foot of
mouth opening: i
North Pacifle [V I, 188.4 16.8
Hawaiian waters_.____._._... 3.8 8.0 10.8 3.6
Equatorial Pacific_......___ 80.8 |- 20.1 7.4
Average ... ....... - 35.9 8.0 74.0 8.8
Averaie volume (ml.) of catch
per hour per square foot of
mouth opening:
North Pacific. oo P 2.0 1.9
Hawalian waters..._ .8 . 8 L0
Equatorial Pacifie.__._.__._ 3 3.5 2.6
N (- (- — 1.9 6 2.3 2.2
Average individual size (ml.) of
organisms in the catch:!
All areas. ool .05 .08 .03 .25

1 Average volume of cateh divided by average number of organisms.

isms, however, because its cod-end liner was of
slightly larger mesh than that used in the other
three trawls.

On Smith cruise 27 to the central North Pacific,
the 6- and 10-foot Isaacs-Kidd trawls were used
on consecutive hauls on three successive nights
for the purpose of comparing the catches obtained
with the two sizes of gear. The results of the test,
summarized in table 8, indicate that the catch
of the larger trawl was about three times as great,
with respect both to volume and to number of or-
ganisms, as that of the smaller trawl. When
judged in terms of catch per unit of mouth area,
the two trawls took essentially the same volume
and number of organisms. The kinds and sizes
of organisms in the collections were also similar
for the two trawls.

A checklist of organisms identified in the catch
of the four trawls is given in appendix tables 5 to
8. In general, the greater the number of hauls
and the more regions sampled by a trawl, the
longer the list. A study of appendix tables 5 to
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TABLE 8.—Volume and number of organisms obtained with
the Isaacs-Kidd trawls on Hugh M. Smith cruise 27,
central North Pacifio, 1955

Item 8-foot 10-foot
Station 23:
Position:
Latitude..___. 28°28' N, [ 28°32’ N.
"~ Longitude..___ 178°10' W, | 178°10' W,
Date.._.... Jan, 31 Jan, 31
Tlme of haul (zone time). _..________. _-| 1948~2049 | 2102-2202
Estimated maximum depth (m.y___._._._.____ 122 118
Catch er hour’s hauling:
olume (Ml.) . o e 8.7 57.1
Number of organlsms ..................... 265 882
Station 25:
Position:
Latitude. . . 30°02' N, | 20°56’ N,
Longitude. ... 179°31’ E. | 179°28’ E.
Date._. .. Feb. 1 Feb. 1
Time of haul (zone time) 2049-2151 | 1939-2041
Estimated maximum depth (m.)._ 122 118
Catch per hour’s hauling:
Volume (M) oo ceeanan 28.1 62.1
Number of organisms. . ..o o_ccaoan. 1,487 3,620
Station 28:
Position:
Latitude . .o iaiooioeaes 32°52' N. | 82°46' N,
Longitude. .. caaaa 179°65' W. | 17954’ W,
Date. e maees .| Feb.2 Feb. 2
Time of haul (zone time)_......_________.._... '2049-2149 | 1043-2042
Estimated maximum depth (m.).. 144 118
Catch per hour’s hauling:
Volume (ml.) ... - 56.1 177.7
Number of organisms. ... .ovocomoocamcaan 542 1,456
Average (all stations):
Per hour of hauling:
Volume (ml.) .-.] 803 890
Number of organisms._ .. -.| 765 1,989
Per 1,000 m.3 of water strained
Volume [ €401 50 T R 1.2 1.3
Number of organisSms. .. ... aonaenen- 20.8 26.2
8 shows that many groups of vertebrates and in-

vertebrates were common to the catch of all four
trawls. In an attempt to determine whether there
were wide differences in the catch composition,
we counted the major categories appearmg in each
list and assembled the results in table 9. The
same number of phyla and classes was sampled
by all four trawls. The major differences were in
the families of invertebrates and the families and
genera of fishes, with the most-frequently used
trawl catching the greatest variety of organisms.

CENTRAL PACIFIC

.VARIATION OF TRAWL CATCH
DIURNAL VARIATION
Size of Catch
Although our data indicate that catches made
at night greatly exceeded day catches both in vol-
ume and number of organisms (table 10), the in-
formation available is insufficient to describe the

~diurnal variation in forage abundance. On Man-

ning cruise 9 (appendix table 1) two series of
four hauls each were made with the 6-foot beam
trawl with the stations at various distances from
shore, one series in the daytime (1000-1800 hours)
and the other at night (2000-0300 hours). The
day hauls yielded an average volume of 8.6 ml.
per hour of hauling and the night hauls 38.6 ml;
the night/day volume ratio was therefore 4.49.
With respect to number, day hauls produced an
average of 123 organisms and the night hauls 134,
for a night/day ratio of 1.09. The difference be-
tween these two ratios indicates a difference in the
size of organisms in the night and day catches.
‘When the average volume is divided by the aver-
age number in the catch we obtain a value of 0.07
ml. for the average individual size of the organ-
isms in the day catches and 0.29 ml. for the indi-
vidual size in the night catches.

In April-June 1953, the 1-meter ring trawl was
used repeatedly at two “fixed” stations in Ha-
waiian waters, one located to windward and the
other to leeward of the islands. The stations were
about 75 miles apart, and both were thought to
represent open ocean conditions. On each of the
Gilbert cruises 11, 12, and 13, the windward sta-
tion (station A) was visited during the early after-
noon hours and the leeward station (station D)

TABLE 9.—Number of taxonomic groups in the catch of the four trawls and in the stomach contents of tuna

283

Invertebrates Vertebrates (Pisces)
Number
of hauls or Authority
Phyla or Classes Orders Families | Families Genera stomachs
subphyla
ear:
6-foot beam trawl__.__ ..o __._...- (] 8 12 19 17 16
l-meter ring traw). .. .. ... [} 6 12 15 12 -11 23
Isaacs-Kidd trawl:
foot_ 7 7 15 25 33 42 78
10-foot________l.__.___ 7 7 16 53 77 157
Stomach contents:
Yellowfin_______ ... 3 5 11 19 37 19 1,097 | Reintjesand King (1953).
Do.._.. - 3 4 12 31 48 52 439 ng and Ikehara (1956).
Bigeye. 4 4 9 22 36 38 166
Skipjack__.__ - 3 5 11 17 42 30 707 Waldron and King.!
Albacore. i s 5 ] 12 29 34 24 348 | Iversen (in press).

1 See footnote 4, P- 205.
637256 0—62——3



284

FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

TABLE 10—Quantitative differences in the calch of day and night hauls with three types of trawls

[Based on 40 hauls]
Average
Day hauls Night hauls Night/day ratio size of
organism !
*Trawl
and Cruise Area
vessel Average Average Number
Number | Average | number | Number | Average | number | Volume | of organ- | Day |Night
of hauls | volume | of organ- | of hauls | volume | of organ- | of catch isms
isms isms
Milli- Milli- Milli- Milli- Milli-
liters liters liters liters | liters
#-foot beam trawl:
Jokn R, Manning._.... 9 | Hawalian waters._.. 4 8.6 123 4 38.6 134 4.49 109007} 029
1-meter ring trawl:
Charles H. Gilberl-.l_-. 11,12,13 | Hawalian waters_... 11 1.8 47 11 9.0 93 4.90 1.98 | .04 .10
6-foot Isaacs-Kidd trawl:
John R. Manning....- 2) | Hawallan waters.__. 2 5.8 106 2 22.8 257 3.91 2,42 ( .06 .08
DOl 20 | Equatorial Pacific2._ 4 11.4 158 2 106. 4 614 9.33 - 3.8 | .07 A7

| Riplement olume.
shortly after midnight. Although minor differ-
ences between these two stations in the physical
and chemical features of the environment might
have influenced the abundance of forage organ-
isms, we believe that the major differences in the
catch were related to the time of hauling. The
average volume of 11 hauls at station A was 1.8
ml. and the average number of organisms in the
catch was 47, as compared with an average volume
of 9.0 ml. and an average number of 93 for 11
hauls at station D. The night/day ratio for vol-
umes was 4.90, and for numbers, 1.98. The aver-
age individual size of organisms was 0.04 ml. for
the day hauls and 0.10 ml. for the night hauls.

At the start of M anning cruise 20, four test hauls
were made with the 6-foot Isaacs-Kidd trawl in
Hawaiian waters to determine the difference in
catch between hauls made in the morning about
2 hours after sunrise and at night about 1 hour
after sunset. For this series the average volume of
the two night samples was 22.8 ml. and the average
number of organisms was 257; for the two day
samples, the average volume was 5.8 mlL and the
average number of organisms was 106. The night/
day ratio was 3.91 for volume and 2.42 for number
of organisms. Again the average size of organisms
was much larger in night than in day hauls (table
10).

The main objective of Manning cruise 20 was
to conduct longline fishing in the equatorial Pa-
cific. During the first 4 days of operations in the
Countercurrent, a trawl haul was made each morn-
ing about 2 hours after sunrise, soon after the
longline had been set. Because of the poor catches
that were being made, the hauling time was

changed on the 5th day to about 1 hour after sun-
set, just after the longline gear had been retrieved
for the day and the ship was underway to the next
station. The two hauls. made at this new time
were also in the Countercurrent, and averaged
106.4 ml. in volume, as compared with an average
of 11.4 ml. for the four day hauls taken earlier.
The average numbers of organisms, night/day
ratios, and average size of the organisms are given
in table 10, along with similar data for the other
cruises mentioned. No day hauls were made with
the 10-foot Isaacs-Kidd trawl.

Composition of the Catch

There were also marked diurnal differences in
the composition of the trawl catches. Lists of
organisms occurring in the day and night hauls
referred to above are given in tables 11 and 12 and
appendix table 6 and summarized by general cate-
gory in table 13. Coelenterates, certain molluscs,
and tunicates occurred in about equal frequency in
the day and night collections. Among the Crus-
tacea, the amphipods and stomatopods were taken
in about equal numbers in day and night hauls,
whereas the decapods were taken principally at
night. Very few squids and fishes, except larval
and juvenile forms, were captured during day-
light. The main difference, therefore, between day
and night hauls;was the capture at night of the
stronger swinmniing animals which were either ab-
sent from the upper layer during the day or were
able to dodge the net. We suspect that most of
these animals were capable of making extensive
vertical migrations during the day to depths below
those sampled by the trawls and became concen-
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TABLE 11.—Composition of catches obtained in four day
hauls and four night hauls with the 6-foot beam trawl
in Hawaiian waters, John R. Manning cruise 9, Novem-
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TABLE 12.—Composition of catches obtained in siz dey
hauls and four night hauls with 6-foot Isaacs-Kidd
trawl in Hawaiian waters and in the Equetorial Coun-

ber 1951 tercurrent, John R, Manning cruise 20, April-May 1954
Day Night Day Night
Organisms Organisms
Percent|Average(Percent|Average Percent{Average|Percent|Average
occur- {number| oceur- jnumber occur- \number| occur- |number
rence | per | rence | per rence per | rence per
haul haul haul haul
COELENTERATA: Unidentified...... 50 1 Bl m COELENTERATA:
Hydrozoa: Hydrozoa:
Slphon 25 35 Siphonophora____________________ 100 a7 100 32
dusae: 50 2 Medusae: Unidentified... 17 1 25 1
CHAETO ATHA: Unidenhﬂed. 100 14 OCTENOPHORA: Unidentified____..___|____.._.|___..___ 75 5
____________________________________________ CHAETOGNATHA Umdentlﬂ&d_---{ 100 78| 100 66
ART ROPODA ARTHROPOD
Crustacea: Crustacea:
copepoda...- ———— 25| (O Mysidacea:
Mysidace: Lophogastridae. . - ccoeeoeenc) oo oo 25 1
Lophogastrldae ______________________________ 25 .10 Amphipoda:
Amphipoda: Phronimidae: -
Oxycephalldae Phronima Sp_ - oo 33 1 50 2
Ri 25 1 Oxycephalidae:
Stomatopoda (larvae) ............ 75 85 100 27 Ozrycephalus SD- - mveoemee) oo 25 2
-Euphausiacea...________________. 50 15 75 29 Rhabdosoma sp....._..... 87 1 50 5
Decapoda: - Unidentified Amphipoda..._ 67 71 50 32
Penaeidae: Stomatopoda (larvae).....___... 33 b 20 (R
Gennadasg sp. ... 50 3 Euphausiacea--_ | e 50 370
Pandalidae: Decapoda:
Parapandalus zur siras- enaeidae:
8ENT_ s 25 3 25 2 Germadas seutotus ...\ ... j.__._.__ 25 20
Hoplophoridae: sp- 25 8
Hoplophorus gracilirostris_|_.._.____|..______ 50 2 Funchalm taaningi . .| .| 25 1
H, grimaldH.. .. ______. Pandalid:
Systelaspis debilis.._____ Parapandalua zur siras-
Sergestidae: Unidentified- seni 50 8
Sergestes gardineri___ Helerocarpus ensifer______ | ______|....___. 25 1
Sergestes s% ......... Hoplophoridae:
Scyllarldae ylilosoma. Hoplaphorua typus. ... 25 1
Unidentified Decapoda. . H, gracilirostris . . 25 1
Unldentxﬂed Crustacea Sergestidae:
MOLLUSCA Sergestes gardineri___.___. 25 1
Gas\‘.ropoda Sergestes sp- 50 ]
Pteropoda - -c--cociecicaonanon 25 (O T ISR I Pallnurldae Phyllosoma._. .. 17 () PR I,
Heteropoda: Unidentified Decapoda._..._- 33 7 I S,
‘Pterotracheidae._____________ 75 3 25 8 Unldentlﬂed Crustacea. . 100 34
Cephalopoda: MOLLUSCA
da (squids)-.oocomeaooo Gastropoda
hiroteuthidae Heteropoda:
Unidentified Mollusea.._.__________. [ SO Pterotracheidae.. . -coevovoufomo ool 75 2
UNIDENTIFIABLE INVERTE- Cephalopoda
BRATE MATERIAL..__._...___.._. 7% O] 75 )
CHORDATA—Tunicata: . 17 2 25 1
Thallacea: 25 17 2 50 10
D 25 33 ® 25 (U]
Unidentified Tunicata 50 CHORDATA—Tunicata;
CHORDATA—Vertebrata: Thaliacea:
Pisces: Pyrosomn"ﬂm 17 1 50 21
Gonostomidae: Vv +  Salpidee.__.___.____..______...._ 83 7 50 12
- Vinciguerria lucetia 25 1 . Unidentiﬂed Tunicata_____....______ 67 11 100 20
Chauliodontidae: CHORDATA—Vertebmta
Chauliodus sp..... R 25 1 Pisces
Astronesthidae: Gonostomidae: Unidentified_.__|.____.__|-__.___ 25 1
Astronesthes lucifer_ _ 25 1 Vmcwuerﬂa lucelm 25 []
Idiacanthidae_. .. ..______. 25 O O I 50 2
Synodontidae .. _.._._._ 25 1 Diplophos taenia. . 25 4
Myctophidae: Unidentified__.... 25 13 75 7 Stomiatidae: Unidentified ... 25 2
Benthosema Sp. . _.——... . 25 1 25 4 Th tis denter_ ... 25 1
Diogenichthys atlanticus. _ ... 25 [ R RS Thy U S P I, 25 2
C'c'ntrobramhua nigro-ocella- Eustomias Sp. o[ 50 4
________________________________________ 25 1 Malacosteidae:
. Myctnph-um brachynathos_ __._|__._____|.._._.__ 25 2 Photoxtamm sp .............................. gg g
. - ——- 25 1
M. evermanni.. - 25 4 Paralepldldae Umdent,lﬂed _____________________ 25 7
Notolychnus valdiviae. . _______ |- _____[..__-_°~ 50 4 Myctophldae
Diaphus sp. o oo 25 2 75 -3 Myctophum evermanni 25 2
Lampanyctus pyrsobolus..____| . ___|.....___ 25 1 M.affime..._.. ... 25 1
Lampanyclua [ R . 25 1 50 18 Diaphus 8p....eeoooo_...... 50 2
Cer. di - 50 4 Lampa‘nyctua pyrsobolus_. 25 2
Apogonidae________..________J[-ZITTIITTIITT 25 1 50 4
Acanthuridae_.______ - 25 1 C'eratoscopelu.a townsendi. . 25 1
Larval fish: Bregmacerotidae:
Leptocephali: Unidentified.. 50 1 50 1 Bregmaceros macclellandi. |- ___|....o... 25 4
Unidentified larvae____..___.| 100 10 100 32 Gempylidae: Unidentified._. 17 ) U PRV A
Unidentifled Pisces. .- 25 1 Tett%onundae
€ragenUrU8 SP-— - oo | 25 1
LBWI?l s hali: Unidy fied
! Actual pumber not determined. eptocephal nidentified.-. 33 2 50 1
Unidentified larvae_._....._. 100 5 100 21
Unidentified Pisces. .uoooomomoeo]ocnaoo)oeeoo 50 2

! Actual number not determined.
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TABLE 13.—Number of categories of organisms taken in. comparable day and night hauls, by traiwl
[Based on tables 11 and 12 and appendix table 6]

Number of
hauls

Gear and cruise Area

Coelenterata

Other Tunicata

Decapod
Crustacea

Crustacea

Mollusca Pisces

Day | Night | Day

Night | Day | Night | Day | Night | Day | Night [ Day | Night | Day | Night

6-foot beam trawl:
John R. Manning:
Cruise 9o _oao._. Hawaiian waters........... 4 4

1-meter ring trawl:
Charles H. (Milbert:

Cruise 11. ... Hawalian waters......_....
Cruise 12 ______.__|-.-- A0. i e
Cruise 13.._...___._. do. 11 12
Hugh M. Smith:
raise 21. . oooooeos [ (/S
8-foot Isaacs-Kidd trawl:
John R. Manning:
Cruise 20 __....... Hawaiian waters...__.._... 2 2
Equatorial Countercurrent. 4 2

} 2

3 5 8 3 6 4 2 . ) - 8 20
2 3 ] 8 8 7 6 3 3 7 17
2 2 @ 4 7 2 3 3 3 3 22

trated in the upper layer of the ocean only at night,
so that the augmentation of the fauna in the upper
strata at night was most likely the more important
cause of the day/night difference in our catch.

Aron (1959) presents interesting data on diurnal
variation in midwater trawl catches obtained with
a modified Isaacs-Kidd trawl in the northeastern
Pacific. He also found wide differences between
day and night hauls, but through the use of strati-
fied tows was able to show that day/night differ-
ences in the catch diminished with increasing
depth between the surface and 250 meters. For
night hauls he reports a general decrease in the
catch with an increase in depth and just the reverse
for day hauls.

VARIATION WITH AREA AND CURRENT SYSTEM

The general pattern of ocean currents in the
Pacific has been described by Schott (1935, p. 161~
171, plates XXIX and XXX) and by Sverdrup et
al. (1942, p. 698-728, chart VII). Figure 12 is
a diagrammatic representation of the gross fea-
tures of the current system of the central Pacific
region in relation to the boundaries of seven
“faunal zones” selected by us for use in comparing
latitudinal differences in the trawl catch. As far
as possible the boundaries of the different zones
were chosen to coincide with natural subdivisions
of the environment. Zone 1 extends from the
limits of our sampling in the south (about latitude
19° 8.) to latitude 5° S. in the north, within the
South Equatorial Current (SEC) ; zone 2 brackets
the region of upwelling and enrichment at the
Equator and extends from 5° S. to the northern
boundary of the South Equatorial Current (SEC)

at about 5° N.; zone 3 is the Equatorial Counter-
current (ECC) between approximately latitude 5°
N. and 10° N.; zone 4, the North Equatorial Cur-
rent (NEC) between the northern boundary of the
Equatorial Countercurrent and waters adjacent to
the Hawaiian Islands; zone 5, the Hawaiian
Islands (H) from about latitude 18° N. to 28°.
N.; zone 6, the North Pacific Current (NPC)

between Hawaiian waters and 35° N, the
approximate center of the “transition zone” of
McGary et al. (1958), which is the zone of con-
vergence between the Central Water Mass on the
south and the Subarctic Water Mass on the north;

and zone 7, the Aleutian Current (AC) from 35°

N. to about 50° N., the northern limit of our
sampling. The representation of the South Equa-
torial Current (zone 1) does not take into con-
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F16URE 12.—Boundaries of the seven “faunal-zones” em-
ployed in the comparison of latitudinal variations in
the trawl catch, in relation to the major features of the
ocean current system in the central Pacific.
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sideration Reid’s (1959) report of a weak easterly
" countercurrent near 10° S,

Variation in Size of Catch

Latitudinal variations—Since the major en-
vironmental boundaries or discontinuities in the
central Pacific are zonal, i.e., east-west in aline-
ment, we assumed that variations in trawl catch
associated with longitude would be of much less
significance than the latitudinal variations.
Therefore, in order to examine major variations
in‘the data with respect to the current system, the
catch data for the 6- and 10-foot Isaacs-Kidd
trawls were combined over the longitudes sampled
but segregated according to the latitudinal zones
we have defined.

The results, shown in figure 13, demonstrate a
marked variation with latitude in the abundance
of forage organisms sampled with the Isaacs-Kidd
trawls. With respect to volume,? the curves were
similar for both trawls, with peak values recorded
for each trawl in the same zones. With respect
to number of organisms, the catch was similar for
the two trawls except in the most northern zones,
where the data were strongly influenced by a few
large catches of euphausiids and barnacle larvae.
These organisms were particularly abundant in
catches of the 6-foot trawl on Manning cruise 22
in September 1954 and account for the major dif-
ference between the two trawls in the Aleutian
Current and in the North Pacific Current. Both
trawls, however, captured the largest numbers of
organisms in the northern zones, with a secondary
peak at the Equator.

The least productive areas, with respect to both
volume and number of organisms, were the South
Equatorial Current south of latitude 5° S., the
North Equatorial Current between about latitudes
10° N. and 18° N., and waters around the Ha-
wailian Islands.

One interesting feature of the data, illustrated
in figure 13, is the increase of variance, particu-
larly in numbers of organisms, in the northern
zones. This increase is indicated by the width of
the 0.95 fiducial interval shown for each mean.
McGary et al. (1958) have pointed out that this
northern region is an area of great complexity and

2 The volumes used In this comparison were the total cafches
minus unusually large or bulky organisms constituting approxi-
mately 50 percent or more of the catch.

S;C SEC E NEC H NPC AC
. | — L qil_ﬁ—l"—"l Y l_l
-~ wn wzner  oexe)] vexm | aem | wiwer 1900}
g T 7
=)
E]
x
0 1501 -1
5 }
E }
a 100 .
g }
g o _
g } {
}
o
8000
556 905
7000[-- e 6- FOOT ISAACS - KIDD TRAWL -1
o 10-FOOT ISAACS-KIDD TRAWL

« 6000|— -
2
3
E
g 5000|— -
]

4000 .
2
o
2
g 3000 -
8
[-4
8
£ 2000 -
z

T 1y I

[ a } g 1 o}
=328
% 5° 5 10° 167 00 35° 50°

S — LATITUDE —N

Ficure 13.—Variation with latitude in average volumes
and numbers of organisms captured per hour of hauling
with the 6- and 10-foot Isaacs-Kidd trawls. (The

- limits of the 0.95 fiducial interval are indicated for each
mean; the number of samples for each area is shown
in parentheses. Zones defined in figure 12.)

of wide fluctuations, both seasonally and other-
wise, in such features as temperature, salinity,
phosphate concentration, and zooplankton abun-
dance. The high variance in the trawl catches
may be related to these fluctuations in the environ-
ment in the northern waters, as contrasted with
the comparatively stable conditions in tropical and
subtropical waters.

Although the data obtained from the 1-meter
ring trawl and the 6-foot beam trawl were not of
sufficient geographic coverage to treat in a de-
tailed manner, the catches of the beam trawl did
show a marked difference between the two major
areas sampled. For five night hauls of M anning
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Ficure 14—Variation in trawl catch (volume in milli-
liters per hour of hauling) of 6-foot Isaacs-Kidd trawl
on five north-south sections, Hugh M. Smith cruise 27,
January-February 1955.

cruise 9 in November 1951 in Hawaiian waters,
the average volume was 34.6 ml. and the average
number of organisms was 138 per hour of hauling.
Four night hauls of Smith cruise 15 in June 1952
at about latitude 6° N. in the Equatorial Counter-
current yielded an average volume of 217.9 ml.
and an average number of 4,803 organisms. The
chief difference in the composition of the catch
from the two areas was the much greater quantity
of euphausiids taken in the Countercurrent. The
variety and quantity of fish captured in the two
areas were approximately equal. Although the
two cruises occurred at different times of the year,
we do not believe that the differences observed
were seasonal in nature, but rather were associated
with geographical differences in the fauna or dif-
ferences in standing crop of certain faunal groups.

Longitudinal variations—The 6-foot Isaacs-
Kidd trawl was employed on one cruise, Smith

cruise 27, in such manner as to provide a rough
evalwation of differences in the volume of catch
among longitudes in the central North Pacific.
During January and February 1955, three to five
night hauls were made on north-south sections
along the longitudes 170° E., 180°, 173° W., 167°
W., and 159° W., within the latitudinal range of
23° N. to 37° N. As evidenced in figure 14, and
evaluated by an analysis of variance, the differ-
ences among longitudes were not significant (¥ =
1.79; d.f.=4 and 16; P>0.05) ; however, the resid-
ual variance in the test was composed of vari-
ability due to latitude as well as to chance, which
reduced the 7 value for longitude. Although the
data are few they do show a definite trend. For
four of the five longitudes, the catches were gen-
erally low in volume between 23° N. and 30° N.,
and moderately higher in volume between 30° N.
and 87° N. in the region of the transition zone.
Judging by the shape of the curves (fig. 14), we
postulate that during this winter season the south-
ern boundary of the transition zone may have oc-
curred as far south as latitudes 30° N. to 32° N.

It would have been desirable to evaluate dif-
ferences in the catch due to longitudinal variation
using a two-way analysis of variance so as to
separate variability due to latitude from that due
to experimental error. Unfortuately, unequal
groupings of observations along the various longi-
tudes made this possible for only Smith cruises
30 and 81. Even for these two cruises some data
collected at the extremities of several longitudinal
sections could not be used owing to lack of cor-
responding data on adjacent sections. Also, in
three instances, one of two values recorded close
together along a longitude section was discarded
in order that the analysis could be undertaken.
The discarded values were determined by flipping
a coin.

During Smith cruise 30, in July and August
1955, 6 or 8 night hauls were made with the 10-
foot Isaacs-Kidd trawl on each of four longitudes,
180°, 172° W, 165° W., and 157° W., within the
Iatitudinal range of 22° N. to 50° N. (fig. 15).
As evaluated by a two-way analysis of variance,
the differences in catch among longitudes were
not significant (#=3.09; d.f.=3 and 15; P>0.05;
I at the 0.05 level was 3.29). As for the 6-foot
trawl (fig. 14), the catches taken on the northern
portion of each section, in this case between 35° N.
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and 50° N., averaged higher than those to the
south. In this summer season it appears that the
northern boundary of the transition zone occurred
at about latitude 40° N., longitude 157° W., and
then sloped to the south in a westerly direction.
Sampling with the 10-foot Isaacs-Kidd trawl
was conducted on two cruises to the equatorial
Pacific during which hauls were made along north-
south sections. On Smith cruise 31, in October
and November 1955, six or seven hauls were made
at night on each of three longitudes, 140° W., 120°
W., and 112° W., within the latitudinal range of
8° S.to 7° N. (fig. 16). In this case, as evaluated
by a two-way analysis of variance, the differences
among longitudes were significant (F=6.81;
d.f.=2 and 10; P <0.05). Catches were generally
higher in volume north of the Equator than south.
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FIgURE 15.—Variation in trawl catch (volume in milli-
liters per hour of hauling) of the 10-foot Isaacs-Kidd
trawl on four north-south sections, Hugh M. Smith
cruise 30, July—August 1955.
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FIcURE 16.—Variation in trawl catch (volume in milliliters
per hour of hauling) of the 10-foot Isaacs-Kidd truwl
on three north-south sections, Hugh M. Smith cruise 31,
October—November 1955.

During one part of cruise 31, hauls were made
each night while the Smith was running general-
ly to the east on a meandering course along the
northern boundary of the Countercurrent. Vol-
umes of the catches obtained on these hauls are
plotted in figure 17 in relation to longitude and
the position of the current boundary. There ap-
pears to be a doming or peaking in the volumes in
the neighborhood of longitude 140° W, and again
at 115° W. with a single high catch at 125° W.
There is no apparent relation between volume of
catch and distance north or south of the current
boundary.

On Smith cruise 35, in August to October, 1956,
8 to 11 hauls were made on each of 4 longitudes,
160° W., 151° W., 143° W., and 185° W., within
the latitudinal range of 20° S, to 11° N. (fig. 18).
On three of the four sections, the peak volume
occurred within 2° of the Equator. Although dif-
ferences among longitudes were not significant
(F=0.37; d.f.=3 and 32; P>0.05), there is in-
dication of a trend in the region of the Equator
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Freure 17.—Variation in trawl catch (volume in milliliters
per hour of hauling), of the 10-foot Isaaes-Kidd trawl
along the northern boundary of the Countercurrent,
Hugh M. Smith cruise 31, September-October 1955.

with the catch volumes increasing to the westward
between longitudes 135° W, and 151° W.

* Austin and Rinkel (1958) have shown that there
is an east-west variation in upwelling at the Equa-
tor with the maximum occurring in the eastern
Pacific and the period of most active upwelling
being Aungust through October, which is the period
of this cruise. King and Hida (1957a) found a
gradient of decreasing zooplankton abundance
along the Equator between longitudes 140° W.
and 180°. Austin (1958) has shown that as the
surface currents carry the newly upwelled water
to the westward it “ages,” i.e., it becomes warmer,
its content of inorganic phosphate is reduced, and
the thermocline deepens. We realize that the
following explanation is an oversimplification of
a very complex series of events, but we hypothesize
that the reduction in the zooplankton standing
crop to the west of 140° W. may be the result of
heavy predation by an increasing population of
forage organisms. :

Differences between cruises—The midwater
trawling study was not conducted in a manner to
permit the proper evaluation of differences related
to seasons for any of the areas sampled. In three

FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

instances, however, an area was visited on two
cruises at different times of the year, or in different
years, which provided some comparison of differ-
ences between cruises that most likely were related
to seasonal or annual changes in the environment.

The mean volumes obtained with the 6-foot
Isaacs-Kidd trawl on Manning cruise 20 (April-
May 1954) and Manning cruise 24 (March—April
1955) to the equatorial Pacific were not signifi-
cantly different (¢=0.759, P>04).

The catch volumes obtained with the 6-foot
Isaacs-Kidd trawl on Manning cruise 22 (Septem-
ber-October 1954) and on Swmith cruise 27 (Jan-
uary-February 1955) to the central North Pacific

VOLUME ML. PER HOUR'S HAULING

o ) } I I J I 1
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Ficure 18.—Variation in trawl catch (volume in milliliters
per hour of hauling) of the 10-foot Isaacs-Kidd trawl
ou four north-south sections, Hugh M. Smith cruise 35,
Angust—October 1956.
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F1cURE 19.—Variation in traw!l catch (volume in milliliters
per hour of hauling) with latitude of the 6-foot Isaacs-
Kidd trawl, John R. Manning cruise 22, September-
October 1954, and Hugh M. 8mith cruise 27, January-
February 1955.

are plotted in figure 19. .If the volumes north of
40° N., exclusively Manning cruise 22, and south of
25° N., exclusively Smith cruise 27, are omitted
from the analysis, we find no significant difference
(£=0.614, P>0.5) between cruises.

Employing the 10-foot trawl on Swmith cruise
81 (September—December, 1955) and on Smith
cruise 35 (August-October, 1956) to the equatorial
Pacfic, we obtained catches with mean volumes
not significantly different (¢=0.657, P>0.4). De-
spite a wide variance in the data, there was a close
gimilarity in the catch means when summarized
by latitudinal zone (fig. 20).

On the basis of these simple “t” tests of the
difference between means, we found in two in-
stances no significant differences between cruises
to the same general area at about the same time
of year but in different years, and in a third in-
stance no significant difference between two
cruises to the same area but at different seasons
(late summer and winter). These findings, to-
gether with those of the previous sections of this
report, seem to indicate that the tropical marine
fauna sampled by our midwater trawls is highly
uniform in abundance both in space and time.

637256 0—62——4

Variations in Composition of the Catch

It is evident from appendix tables 7 and 8
that there are north-south differences in the kinds
and numbers of organisms captured by the Isaacs-
Kidd trawls. These are summarized in a general
manner in tables 14 and 15. We coneclude that the
largest number of categories of organisms was
captured in the South Equatorial Current and in
the Countercurrent (table 14); Hawaii and the
North Pacific Current were next in rank ; the poor-
est zones with respect to kinds of organisms were

SEC SEC ECC NEC H NPC AC
’ _H_H..L_Y_)ﬁ
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Freure 20.—Variation in trawl catch (volume in milli-
liters and number of organisms per hour of hauling)
with latitude of the 10-foot Isaacs-Kidd trawl, Hugh
M. Smith cruise 31, September—December, 1955, and
Hugh M. Smith cruise 35, August-October, 1956. (Lim-
its of the 0.95 fiducial interval are indicated for each
mean. Number of hauls in each area is shown in
parentheses.)
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TABLE 1&—Number of fish families and categories of organisms taken in the central Pacific, by trawl and latitude,
1953-56

[Basic data in appendix tables 7 and 8; see D. 286 for description of faunal zones]

SEC ECC NEC Hawaii NPC AC All
20° 8.-5° N. 59-10° N, 10°-18° N. 18°-28° N, 28°-35° N, 35°-50° N, areas

6-foot Isaacs-Kidd trawl:

Number of samples. ... oo oo oo 18 12 3 19 18 10 78

Number of fish familles represented.__. 17 17 7 16 18 8 33

Total number of categories, all forms 89 95 35 77 73 46 174
10-foot Isaacs-Kidd trawl:

Number of samples. ... oo miieamee- 69 18 14 24 13 19 157

Number of fish families represented. .. 36 25 18 30 15 15 53

Total number of categories, all forms. 240 138 116 150 99 104 355

the North Equatorial Current and the Aleutian
Current. As might be expected, this relation also
holds true generally for the number of fish fami-
lies represented in the catch. Although these data
are variable, partly because there were more hauls
in some areas than in others, they do show a gen-
eral reduction in the variety of the fauna in a
tropics-to-arctic direction, a well-known plenom-
enon (Hesse, Allee, and Schmidt, 1947: p. 24).
In table 15 we have attempted to classify the
major groups of organisms according to their
probable trophic level, based on information de-
rived from a number of sources with MacGinitie
and Mac Ginitie (1949) and Marshall (1954)
being among the more useful. If we are not too

greatly in error in our food-habit evaluations, it
would appear that the Isaacs-Kidd trawls sample
principally the primary carnivores, some of which
are also herbivores and detritus feeders, such as
the shrimps, and other animals which are second-
ary carnivores as well, such as the majority of the
fishes. Very few, if any, of the fishes captured can
be classed as herbivores.

TRAWL CATCHES AS ECOLOGICAL
INDICATORS

The staff of the Burean of Commercial Fisheries
Biological Laboratory, Honolulu, has attempted
to maintain an ecological approach in its investi-
gations on the causes of variation in the abundance

TABLE 15.—Major categories, probabdle trophic level, and latitudinal variation in abundance of organisms taken. in the
Isaacs-Kidd trawl catches, ceniral Pacific, 1953-56

Probable trophic level
Organisms Herbl\éores Carnivores Occurrence and relative abundance !
an
Getritus
feeders Primary | Secondary
g}f:honophora.___._____....____: ___________________ X In all zones; abundant.
edusae, unidentifled. . ... |- X In all zones; numerous.
Ctenophora. .. X In all zones; common.
Chaetognatha. .ol x In all zones; abundant.
Annelida. x(?) X In 4 zones; common.
x(" X In NPC and AC only; very abundant when present.
X X .| Hawall and south; few.
X X In all zones; ebundant.
____________ X ...} In 4 zones; common; not in NEC and AC.
X X ..| In all zones; common to abundant; most abundant in NPC and AC.
X x In all zones; common to numerous; less abundant in NPC and AC.
. SR (AR, In all areas; common; more numerous in southern zones.
——— S P In 5 zones; most numerous from Hawaii north.

Decapod Mollusca. - [ X
Octopod Mollusea._.. R x X
Pyrosomatidae. .. oooeaaeaod| X ||
Balpidae.....__ | S S
Gonostomidae x X
Bternoptychid x X
Stomiatidse__. x x
Idiacanthidae_ X X
Paralepididae. .. .- X X
Myctophidae. . ool X x
Nemichthyidae. ... ___..____________... b3 X
Melamphaidae_.__ -|-- X X
3raml lalsi_aé"- X X
empy! x x
Mollgae _______ b S PR,
Leptocephali. | S IO
Larvalfish__ .. ... x x

.| Onl
-| In all areas; common.

In all zones; common; greatest variety in SE'C.
In 4 zones; few,

-| In all zones; abundant; decreasing to the north.
.| In all zones; abundant.

In all zones; numerous; several species represented.

In all zones; common.

In all zones; numerous; greatest variety of species in SEC.
In all zones; commeon,

In all zones; common.

In all zones; common; most numerous in SEC and ECC.
In all zones; common.

In 3 zones; common; Hawaii and south.

In 4 zones; common;not in NPC and AC.

in SEC; few.

In all areas; numerous.

In Aag zones; abundant; greatest variety of species in SEC, fewest in NPC and

1 Faunal zones referred to are those indicated in appendix tables 7 and 8; see also p, 286.
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and distribution of tunas. Studies have been pur-
sued on the ocean currents, chemical nutrients,
photosynthetic activity, zooplankton, and forage
fish simultaneously with studies on the tunas. The
trawling program has been conducted on the
premise that highly mobile fishes, such as the tunas,
are most likely to occur in areas with the most
favorable concentrations of food. Other environ-
mental factors, of course, such as temperature, can
also be of a limiting nature and influence fish dis-
tribution. In general, however, when broad areas
of the sea are being-compared, it is our belief that
a positive relation must exist among the various
levels of the food chain. This does not mean that
we expect to find a high positive correlation at all
times and places between the volume of food and
the abundance of tunas; in fact, it is possible that
an inverse relation may exist locally after a period
of heavy predation.

STANDING CROP AND PRODUCTIVITY
MEASUREMENTS

Correlation analyses, made to investigate the
association between trawl-catch volumes and en-
vironmental variables that might be expected to
have some direct or indirect influence on the trawl
catches, are summarized in table 16. For these
analyses only data from the major cruises which
were sufficient for meaningful statistical tests were
employed.

On two of three cruises examined (Sméth cruises
27 and 35), we found a significant (P<0.01) posi-
tive correlation of trawl volumes and surface in-
organic phosphate concentrations; on the third
cruise (Smith cruise 81) the relation was again
positive but not significant (£>0.05).

Only two cruises (Smith cruises 31 and 85) pro-
vided estimates of photosynthetic activity based
on the uptake of C** by phytoplankton. Since the
trawl hauls on these cruises were all made at night,
at which time the photosynthetic activity was neg-
ligible, we also determined the correlation of trawl
catch with the C** uptake recorded at a station on
the morning of the same day, and also with the C*¢
uptake measured at the station occupied on the
morning following the night trawl haul. For both
cruises the resulting correlation coefficients have
positive values, but only those for Smith cruise 35,
relating trawl catch to the rate of C** uptake at
the morning stations, were significant (£<0.01).
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TABLE 16.—Correlations of trawl catch (milliliters per
hour of hauling), as the X, variate, with X, variate the
surface inorganic phosphate, C** uptake, or zooplankton
volumes at the same station or from adjacent stations
of the Hugh M. Smith

Degrees| Corre-
Trawl and X variate of lation | P
cruise free- | coeffi-
dom |[cient (r)
6-foot Isaacs-Kidd:
Cruise 27_._.___..[*Surface Inorganic phos- 21| 0.665 |<0.01
phate, ug. at./l.
Do tZooplankton volumes, ml./ 21 [ 0.617 1<0.01
1,000m.3; oblique 0-100 m.
hauls.
10-foot Isaacs-Kidd:
Cruise 30......__ 1Zooplankton volumes,. ml./ 35| 0.701 |<0.01
1,000m.?; oblique 0-140 m.
hauls.
Crulse3l ... §Sur}tlace 1norg,?nlc phos- 49 | 0.166 |>0.05
phal
§Smiface Cit yptake; mg. C/
8. Samestatlon (1900-2000) 16 | 0.214 [>0.05
Do b. Adjoining station (0800~ 28 1 0.198 |>0.05
0900, same day).
[ Adjolnlngst,atlon (0800~ 22 [ 0.221 [>0.05
0900, following day).
Do §Zooplankton volumes, ml./ 46 | 0.371 (<0.01
1,000m.3; oblique 0-200 m.
hauls.
Crulse 35.._...... IlSurll;ace lnor%anlc phos- 36 | 0.450 }1<0.01
]ISu.rtace C“ uptake, mg. C/
a. Samestatlon (1900-2000) . 36 { 0.237 1>0.05
) 2 1 MR b. Adjoluing station 37 | 0.571 |<0.01
(0800-8000, same day).
e, Adjoining station (0800- 36 | 0.581 (<0.01
0900, following day).
) 1, Y IIZooplanl\ton volumes, ml./ 36 | 0.473 |<0.01
111000!111"!i 3; oblique 0-140 m.
au

* From MeGary and Stroup (1958).
t Unpublished data in the files of the Bureau of Commercial Fisheries Blo-
logical Laboxar,ory, Honolulu.
1 From McGQGary, Jones, and Austin (1956).
From King, Austin, and Doty (1957).
From Austin (1957).

In all four cruises examined (Smith cruises 27,
30, 81, and 35), the correlation between trawl-catch
volume and zooplankton volume, as sampled on
0-100 m., 0-140 m., and 0-200 m. oblique hauls
with 1-meter nets of silk or nylon grit gauze
(aperture widths approximately 0.65 mm.), was
found to be highly significant (P<0.01). It was
certainly to be expected that the larger forage
organisms sampled by the trawl would be found
more closely related to zooplankton—their food
for the greater part—than to inorganic phosphate
or the metabolic activity of phytoplankton.

The distribution of the number and size of the
organisms making up the different trophic levels,
whether on Jand or in the sea, takes the form of
a pyramid, with the plants or primary producers
forming the broad base and the larger carnivores
the peak (Odum, 1953: p. 73). Actually three
ecological pyramids result from food and energy
relationships: the pyramnid of numbers, the pyra-
mid of biomass, and the pyramid of energy or food
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production rates. (Some ecologists consider the
three—numbers, biomass, and energy—as different
concepts of the same pyramid.) The concept of
the pyramid of numbers was, perhaps, first given
definite form by Elton (1927: p. 69). The pyra-
mid of biomass was described for some Wisconsin
lakes by Juday (1942) and similar studies have
been made in other areas. The pyramid of pro-
duction rates was introduced by Petersen (1918)
in his calculations of the quantitative food rela-
tions in coastal waters where eelgrass; Zostera sp.,
is the main source of primary food. He postulated
that 10 plant units were needed to produce 1 unit
of herbivorous animal weight, and in turn, 10
herbivorous units were required for each unit
weight of primary carnivore produced. The
pyramid of energy, expressed in terms of effi-
ciency or productivity rates for the various trophic
levels, has been determined for lake environments
by Lindeman (1942) and Juday (1942), and for
a marine area—GQGeorges Bank—by Clarke (1946).

A table of conversion factors, the pounds of feed
needed to produce 1 pound of fish, is given in
Brown (1957: vol. 1, p. 386) ; they range from 2.3
to 7.1 for various species. Petersen’s 10X factor,
however, is the one most frequently quoted.

The Honolulu Laboratory staff has obtained
estimates of the biomass, or standing crop, at three
trophic levels in the central Pacific: zooplankton,
forage organisms, and tunas. Information on rate
of production has also been obtained for the pri-
mary producers, i.e., the uptake of C** by phyto-
plankton. Such data are mnot available for the
other trophic levels but may be calculated from the
information on hand.

Employing the data used in figure 13, we cal-
culate that the average catch of the 6-foot trawl
in 78 hauls was 1.86 ml./1,000 m.? of water
strained, and the average catch of the 10-foot
trawl in 157 hauls was 1.65 ml./1,000 m.2. For the
same general area, zooplankton hauls averaged
29.64 ml./1,000 m.%, or roughly 16 to 18 times the
catch of the trawls. Although we are dealing
with two standing-crop measurements, the rela-
tion is of the same order of magnitude as the 10X
factor calculated by Petersen (1918) for the dif-
ference in production rate between two adjacent
trophic levels. _

Over the range of latitude sampled (49° N. to
19° S.), variations in zooplankton abundance were
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FIcUure 21.—Variation with latitude in the average volume

of trawl catch per cubic meter of water strained by the
8- and 10-foot Isaacs-Kidd trawls, as compared with the
zooplankton catech. (Zooplankton data for areas south
of latitude 30° N. are from King and Hida, 1957a and
1957b; for areas to the north of 30° N. from files of
Bureau of Commercial Fisheries Biological Laboratory,
Honolulu.)

closely paralleled by the trawl-catch volumes
(fig. 21), except in the region of the Aleutian Cur-
rent, where there was a marked increase in zoo-
plankton catch that was proportionally much
greater than the increase in trawl catch. Both
measures of the fauna show the influence of cu-
richment in the region of the equatorial upwel!“ig
and to the north in the Aleutian Current.

Although the 6-foot trawl caught at a higher
rate per unit of water strained than the 10-foot
trawl in five of the six areas, the close correspond-
ence in catch rates between the two trawls is of
interest and provides further evidence that the
trawls were about equal in efficiency. If the dif-
ference between the two trawls is of any signifi-
cance, however, it may indicate that the larger
net was sampling at a slightly different trophic
level than the smaller net. This possibility is also
indicated by the difference in size of organisms
sampled by the two nets (table 7).

TRAWL CATCHES AS A MEASURE OF TUNA FOOD

One of the major aims of the midwater trawling
program was to obtain a quantitative measure of
the abundance and distribution of potential tuna
food. Several reports have been published, others
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are in press or in manuscript form, describing the
food of tunas in the central Pacific (Welsh, 1949;
Reintjes and King, 1953 ; King and Ikehara, 1956 ;
Tester and Nakamura, 1957; Yuen, 1959; Naka-
mura, MS.; 8 Iversen, in press; and Waldron and
King.*) These reports all emphasize the great va-
riety of food that tunas consume, but point out
certain differences related to the species and size
of tuna and the depth, distance from land, season,
and area of capture. Although adult tunas eat
a number of organisms that might be classed as
plankton (e.g., euphausiids, amphipods, and
stomatopod and crab larvae), the bulk of their
food consists of nekton, such as fishes, squids, and
shrimps.

By means of the midwater trawl, we hoped to
sample at a trophic level “closer” to the tunas than
was possible with the 1-meter zooplankton nets.
For this purpose, however, our procedures had a
basic weakness: the trawls were operated almost
entirely at night, since the catches were very poor
during daylight hours, but our tuna fishing was
carried out during the day because the few night-
time fishing stations had yielded very poor results.
Therefore, the only comparison which our data
afford is that between forage organisms captured
at night and the stomach contents of tunas cap-
tured during the day. It would seem theoretically
possible, however, as a result of the diurnal migra-
tion of the forage organisms, that the deep-swim-
ming tunas caught in the daytime at depths of
100 to 500 feet may have been feeding on the
same organisms that were taken at night in the
trawl when it was fishing near the surface. De-
spite these basic differences in the data, we thought
it worthwhile to make some general summaries
and comparisons of trawl catch and tuna food, and
also to examine station-to-station variations in
these factors, as observed on certain cruises where
both variables were evaluated.

In table 9 we summarized the number of taxo-
nomic categories of organisms found in the trawl
catches and in tuna stomachs. Although such a

.. 8 Nakamura. E. L., MS. Food and feeding habits of Marquesan
skipjack (Katsuwwonus pelamis). Bureau of Commercial Fish-
eries Biological Laboratory, Honolulu.

4 Waldron, Kenneth D., and Joseph E. King. Food of skip-
jack in the central Pacifie. U.S. Fish and Wildlife Service.
Bureau of Commercial Fisheries Biological Laboratory, Honolulu.
(Experience Paper No. 26, Section No. 5, FAO World Scientific
Meeting on the Biology of Tunas and Related Species, La Jolla,
Calif.), July 1962.

summary does not show the specific kinds of ani-
mals involved it does indicate that about twice as
many phyla or subphyla were found in the trawl
catches as were represented in the tuna stomachs.
It is also evident, however, that a great variety of
forms was found both in the trawl catches and in
tuna stomachs.

An attempt is made in table 17 to illustrate the
major differences and similarities in the composi-
tion of the trawl catches and of tuna stomach
contents. Every item was listed that occurred in
10 percent or more of either the trawl collections
or the stomachs of four species of tuna. Again,
the data demonstrate the greater variety of orga-
nisms characteristic of the trawl catches, which
seems to indicate that the tunas were not feeding
at random but were exercising some degree of
selection. The greatest similarity between the
trawl catches and the tuna stomach contents was
the occurrence in both of Amphipoda, Phronima
sp., Stomatopoda, Euphausiidae, Decapoda (Crus-
tacea and Mollusca), Enoploteuthidae, Salpidae,
Tunicata, Stomiatidae, Paralepididae, Mycto-
phidae, Gempylidae, and Collybus drachme.
Some of the major differences were the high oc-
currence in the tuna stomachs of crab larvae,
squids of the families Ommastrephidae and
Loliginidae, and such fishes as Gempylus serpens
and representatives of the families Bramidae and
Acanthuridae, as contrasted with the low oc-
currence of these organisms in the trawl catches.
On the other hand, it is evident from the table
that a large number of animals of frequent oc-
currence in the trawl catches were not found in the
tuna stomachs. _

If the percentage of occurrence of the different
taxonomic groups listed in table 17 for the Isaacs-
Kidd trawls is plotted as a function of their oc-
currence in tuna stomachs, we obtain a series
of distributions (fig. 22) which show, in 8 out of
10 instances, some indication of an inverse correla-
tion. Organisms occurring with the highest fre-
quency in the trawl collections were usually rare
in the tuna stomachs, whereas those forms occur-
ring most frequently in the tuna stomachs were not
generally common in the trawl catches. (In fig.
22 we plotted points only for those organisms
which occurred in both the tuna stomachs and
the trawl catches.)

On a few cruises, tuna longline fishing and mid-
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FIGURE 22.—Percentage occurrence of different taxonomic groups,. listed in table 15, in the catches of the Isaacs-Kidd

trawls and in tuna stomach contents. YF-1, yellowfin tuna, both surface dwelling and deep swimming: captured
by live-bait fishing. surface trolling, and longline fishing (data from Reintjes and King, 1953). YF-2, yellowfin
tuna, deep swimming; captured by longline fishing (data fromx King and Ikehara, 1956). BE, bigeye tuna, deep
swimming; captured by longline fishing (data from King and Ikebara, 1956). 8J, skipjack tuna, both surface
dwelling and deep swimming, captured by live-bait fishing, surface trolling, and longline fishing (unpublished
data; see text., footnotes 3 and 4). AL, albacore tuna, both surface dwelling and deep swimming: captured by
trolling and gill net and longline fishing (data from Iversen, in press).

TapLE 17.—Percentage occurrence of all items identified in 10 percent or more of either the trawl collections or of tuna

5

stomach contents

In hauls of— In stomach contents of—
Organism
6-foot. 1-meter 6-fout 10-foot .
beam ring trawl |Isaacs-Kidd|Isaacs-Kidd| Yellowfin ! | Yellowfin 2{ Bigeye ? | Skipjack 3 | Albacore 4
trawl trawl trawl
Siphonophora._. __ ... mcaan 56 87 6
Medusae, unidentifled...-. "
Coelenterata, unidentified . .. _.coccaooo| 0 44 |eamanaol
Ctenophora.___ . ._._.__.
Chaetognatha.______.__
Crustacea, unidentified
Copepoda._...
Tdotheidae.

Amphipoda, unidentified
Phronime Sp... ...

Rhahdosoma sp.
Oxycephalus SP_ o ocoee oo
Stomatopoda, unidentified
Odontodactylus hansend_.___._______._.___.__
Elhxphausiidae,.unidentiﬁed _________________

=, L,

da monacantht .. oo

T. tricuspid@i@. . oo
T. obtusifrons_____.
T. pectinata._ ... __.__...
Nematobrachion flexipes
Stylocheiron abbrevialum
Sergestidae, unidentified ... . oiiaaaas
Sergestes gardineri...oca oo
Rerqestes 8D _ oo
Decapoda (Crustacea), unidentified . ....._
Gennadas scutatus. oo e

. pr
G. tim;yre;'
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TABLE 17.—Percentage occurrence of all items identified in 10 percent or more of either the traiol collections or of tuna
stomach contents—~Continued

In hauls of— In stomach contents of—
Organism

6-foot 1-meter 6-foot 10-foot

beam ring trawl |Isaacs-Kidd|Isaaes-Kidd| Yellowfin 1} Yellowfin 2| Bigeye? | Skipjack ® | Albacore ¢

trawl trawl trawl .
Q. ineertis. - e raccccm e | e JEOSPSRRR Sy I ) PRV R ——
Gennndes SP- o ocno e mcoeean - 25 9 2 89 |ecammmcmuman]|ecmm———————n . 0.3
Funchalia taaningi. . ——- [ 2 PO -2 [ - T SRRt AUy (VSRS PR FR
Hoplophorus {ypus. .« ooooooo___ P, 12 .. 20 [V IO
H. graciliroatris 12 ... 6 POV S S PO
H, foliaceus. . e eemm e |amc e - 15
H.grimaldii___....__.... . [ 17
Acanthephyra trispinosa___ 12 5
Parapandalus zur strasgeni. ... 33 26
Phyllosoma. [ 13
Crab larvae.. ... R S F N (U,
Heteropoda, unidentifled_...__... N 1
Pterotracheldae, unidentified. 38 17 33
Pteropoda, unidentifled....._... 12 9 23
Coroll@ SP. - - e aeanceemccmmemmec e o | emmmmem oo [amm e e 17 . a_—- - .
Cymbuliidae, unidentifled.._.._.. 12 4 20 7 tefemmmmccccmee| e ————
Decapoda (Mollusea), unidentified . 19 26 17 16 32.6 28.9 33.0 58.0
Enoploteuthidae, unidentifled_.__ [ 10 9 15.3 b2 S O .3
Abraliopais 8P - | 6 b & 2 RS N A (R I
Cranchiidae, unidentified..._... 25 9 5 9 U J PSSR [ .6
Ommastrephidae, unidentified.. cmmmmmmmmme | e 1 39.9 25.3 7 .3
Loliginidae, unidentifled ...« oo oo oo e e femaean 13.4 14.5 [ 4.9
Mollusca, unidentified... ... 19 {ooimeea o 41 & 1 PRI S R F, .3
Pyrosomatidae, unidentifled._. 44 30 73 66 .9 L2 el
Salpidee, unidentified_......-. 44 52 87 60 24.1 4.2 1 4.3
Tasis 2ONGrIB . - oo e cemimcecmcce | eccmm e e 6 0 1B e e e el
Tunicata, unidentifled 44 35 41 2 1.2 1 .6
Gonostomidae, unidentified .o -l |eacmcmmccd e 10 faoae -
b ) ; P, 15

GONOSIOME SP - - e o e oo
Vinelguerrie nimbaria_
V., lueetia. - .caeeeon
Vineiquerria sp.. .

Diplophos taenia_ .. .
Argyropelecus aculeatus. oo
Thysanactis dentex.

Eustomias Sp.... ...
Stomijatidae, unidenti
Chauliodis Sp-

Idiacanthus sp

Paralepididae, unidentified
Scopelarchidae, unidentified ... _________

Myetophidae, unidentified . _________. 56 9 60
Hygophum reinhardti [ 3 19
Hygophum sp ——- 1
Benthosema 8. - _ o oo 12

Myectophum evermanni 15 ) P 17
M. brachygnathos____ b TN O S,
M. spinosum... .. 12

M. aurolatern@tum . . .o oo 12 |
Notolynchnus valdivi . 19 9 9
Diaphus sp_ . . 50 4 41
Lampanyctus pyrsobolus____________________. 25 oo 18
L. macropterus. - ————-

Lampanyetus Sp- .. 44 13 40
Ceratoscopelus teuwrngendi 38 4 %
Cololahis SP- -« cceccamceeeae —

Nemichthys scolopaceus . [ 10
Serrivomer beani____ . e 12 1
Bregmaceros macclellandi_ ... 2 4 18

Melamphaidae, unidentified
Howella sherborni__ . __.

Bramidae, unidentified
Collybus drachme___.__
Acanthuridae, uniden

Qempylidae, unidentified.
Gempylus serpens._ ...
Leptocephali, unidentified
Heterosomata larvae. -
Fishlarvae. ... cocceemcammamcanan

Unidentified fish. ..o -

-
o)
T 1o

Number of hauls or stomachs.__.__.____

157 1,007 439 166

1 From Reintjes and King (1953),
1 From King and Ikehara (1956).

water trawling were conducted as a combined op-
eration, with the longline being set in the early
morning and hauled in the afternoon, and with
a trawl haul usually being made about 2 hours
after sunset on the run to the next fishing station.
The data from Manning cruise 20 to the equatorial

$ From Waldron and King (see footnote i, p. 205).
4 From Iversen (In press).

Pacific afford the best opportunity to compare, on
a station-to-station basis, the composition of trawl
catches obtained with the 6-foot Isaacs-Kidd and
stomach contents of yellowfin tuna, Neothunnus
macropterus (Temminck and Schlegel). The yel-
lowfin captured on this cruise, from which stom-
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achs were examined, ranged in size from 85 to 155
cni (26 to 160 1b.) and averaged about 120 cm.
(741b.). The fishing method, localities, and catch
data for this cruise have been described by Iver-
sen and Yoshida (1956).

Table 18 lists, for 16 days of cruise 20, the cate-
gories of organisms that comprised 1 percent or
more, by volume, of the trawl catches and tuna
stomach contents. Except for the first three sta-
tions (stations 1,2, and 4), all the trawl hauls were
made just after twilight or at night between 1840
and 2030 (zone time). It is obvious that whereas
the trawl consistently caught such animals as si-
phonophores, chaetognaths, crustaceans, and tuni-
cates, these organisms were largely missing from
the tuna stomach contents, Decapod molluscs
(squids), on the other hand, were prominent in
tuna stomachs, but poorly sampled by the trawl.
Among the families of fishes, the Thunnidae (K a:-
suwonus pelamis), Tetraodontidae, Molidae,
Sternoptychidae, Bramidae, Nomeidae, and Bal-
istidae were commonly found in the yellowfin
stomachs but were not captured in any quantity
by the trawl. Most of these families may be con-
sidered as pelagic fishes characteristic of the sur-
face layer both in periods of light and darkness.
For the Sternoptychidae, Marshall (1960) cites
records of Sternoptyxz diaphana being taken at
600-800 m., and Argyropelecus -hemigymnus at
150-500 m. at night but below 500 m. during the
day. The Myctophidae, Nemichthyidae, Gonosto-
midae, and Stomiatidae, which were the p1'1nc1pa.1
fishes ca,ptuxed in the tmwl, are bathypelagic in
distribution, occurring at the middepths during
the day (Marshall, 1960: p. 82-88), but migrating
to the surface layer at night. The virtual lack of
these fishes in the food of yellowfin may indicate
that this species feeds principally in the daytime
and in the surface layer.

Some fishes, such as Thunnidae, Balistidae, and
Gempylidae, commonly found in tuna stomachs,
are strong, fast swimmers, and their absence from
the trawl catches may simply indicate the ineffec-
tiveness of the gear, and not that the tunas were
particularly selective in their feeding, or that the
trawl and the tunas were sampling different
environments.

The results of two cruises to the central North
Pacific, M anning cruises 22 and 23, provide an op-
portunity to compare the composition of trawl
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TABLE 18.—Percentage compogition of the stomach con-
tents of longline-caught yellowfin tuna and of the
catches of the 6-foot Isaacs-Kidd trawl on John R.
Manning cruise 20, equatorial Pacific, 1954

Organisms ! Stomach | Trawl

contents { catch

May 17:
Lon line and trawl, station 1; 7 stomachs
iphonophora. - - - - 20
Chaetognatha_.__._... S 18
z’\?mphlpoda -

sp.
Octopoda. .
Seploteulhu s%

Unidentified Decapoda (Mollusea)

Acanthuridae._ -
Ostraciidae
Lactorie diaphanus. .
Bramidae.
Ranzania lnevis
Apogonidae_________.._.__
Lepfnmnhnll

Larval fish
Unldentlﬂed fish___

Lon line and trawl, station 2; 3 stomachs:
lgl&onophora _____________________________________________ 1

May

Chaetognatha.____. - 2
Amphipoda_____.__ - 18
Argonautidae - : 1 PA—
Unidentified Decapoda (Mollusea). ----mv-.... - J (——
Salpidae. oo —- 1
Katsuwenus pelamis [ ——
Acanthuridae._____. (]

Collybus drachme.
Tetraodontidae. . _...ooooooeoeeees
Leptocephali

Larval fish_
Unidentlﬂed fish_

Lonsline and trawl, station 4; 1 stomach:
honophora.

48

aetognnﬂnn (]
Amphipoda_ g
B

Phronima sp
Rhabdosoma SB .

Unidentified Decapoda (Mollusea).--c--cecueeaa 50 |emrrmr=n

Salpidae . - . i

Lactoria diaph - ) J [S——

Bramidae. 17 lavcmmm e

Larval fish .. e nnmecem | 2

Unidentifled fish_ . - 18 [ceoacen

May 22:

Longline, station 8; trawl, station 9; 1 stomach:
81 honop ora._ o - 2
edusae.... 41
Euphsausiacea. - 6
Octopodidae..._.

%
g
?

8
2
Lampanyclus sp. g
4
[

Phomtamlaa sp.
E; sp.

Thysanactis Sp__. '
Unldentiﬂed [ L) s U [—

llna, station 10; traw], station 11; 7 stomachs;

{phonophora. [}
Eupbsausiacea. .. - - — 5
Sergestes sp. 2
Hoplophorua typuas . 2
Octopodidae. - . ...
Onycoteuthis banksii
Unidentified Decapoda. (Mollusca)
Unidentified Tunicata
Pyrosomatidae...
Salpldae..meocecenna--
In.mua brasiliensis.
Lactoria diaphanus. -
Unidentified Bramidae
Collybus drachme. . e ceceeeeaaeeean PR [ J [———
Anoplogaster cOrnUutUs. o ceee o eeceecamm - [ (S,
Chauliodus sp. ...
Nemichthys scolop - 2
Diaphus sp-_.. - ——— ——— 4

1 Includes all organisms or groups of organisms comprlslngel percont or
more, by volume, of the stomach contents or of the traw) catches.

May 23
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TABLE 18.—Percentage composition of the stomach con- TABLE 18.—Percentage composition of the stomach con-
tents of longline-caught yellowfin tuna and of the tents of longline-caught yellowfin tuna and of the
caiches of the 6-foot Isaacs-Kidd trawl on John R. catches of the 6-foot Isaacs-Kidd trawl on John R.
Manning cruise 20, equatorial Pacific, 1954—Continued Manning cruwize 20, equatorial Pacific, 1954—Continued

Organisms ! Stomach | Trawl : Organjsms ! Stomach | Trawl
contents | catch coutents | catch

May 25: May

Longline, station 13; trawl, station 14; 8 stomachs: Lon line, station 23; trawl, station 24; 1 stomach:
Siphonophora ..... 26 iphonophora. ...
Chaetognatha_.._...--- 2 Euphausiacea...
Euphausiacea -—-_-- [ Sergestidae_.___
Unidentified Decapoda (Crustacea) 3 Funchalin faaningi.
Portunidae: Megalopa. oo, Unidentified Decapoda (Mollusca)
Funchalia tagningi. ... Pyrosomatidae. ______ ... ..
Sergestes Sp_.- oo Salpldae ........................................
Hoplophorus typus. Tinciguerria lucetia
Unidentified Decapoda (Mollusca) Howella sp. -
Unidentified Tunicata. - 2 DAGPRUS SP e oo
Pyrosomatidae. - 9 Lampanyetius Sp- oo oo iaamenens
Salpidae . cneeoe.- - - 3 Collybus drachme._ _________ . ool
Trachyplerud 8P o o oo 8 Larvalfish_____._______.__..__....
Vinciguerria lucetio_ .- 15 Unidentified fish a———
Thysanactis denter. ... laen 5 June 1
Nemichthys scolopaceus. . . 2 Lon line, station 25; trawl, station 26; 6 stomachs:
Diaphus sp-. e e m o {—————— 10 L 3
Cubi sp. "3 Unidentified Decapoda (Mollusea) ..o ______ 12 |ocoeee
NOME{AAE o m oo 95 |- Pyrosomatidae. _ :
Acanthuridae.._. I I Salpidee. .
Molidae_ ____....ca-.- -3 Arist fog sp_
Gempylus ser] b 3 Diaphus sp......
Balistidae 29 | Nomeidae
Unidentified fish [ . Lacioria diaphanus_’
May 26: Collybus drachme. ...
Longli.ne station 15; trawl, station 16; 5 stomachs: Ruanzania laevis...
IPhONOPhOra. - o e 7 Gempylns serpens
Chaetognatha. ... 1 Tetraodontidae
EUPhAUSIACeA . oo m o ee oo e e m e | e 7 Remorq remorq._
Unidentified Decapoda (Crostacea) ... £ I Unidentified fish_
Gennadas sculatus. .. eee--. .- 1 June 2:
SETNestes SP- oo oonas 1 Longline, station 27; trawl, station 28; 5 stomachs:
Unldentlﬁed Decapoda (Mollusca) - - ovoooeeme 14 { oo lphonophura ____________________ 15
Vinciguerria ucelia. .. .- ... N 9 Euphausiacea. - 16
Echfoam'ma tanneri oo - 16 Gennadas Sp ... 3
tosiomia® SP-—— oo oo - 2 Hoplophorus typus
Dmphus SD e mmeecrmenm e mammammmm e m e | mm— - 7 Unidentified Decapoda (Mollusea) .- cneocecaca| 48 |ococeeoo
Nomeldae. . oo oomeeonccm oo oomccccaen 3 Pyrosomatidae_ . eiciacmmecemeo[cecmemas 30
Bramidae. . - . 18 [ Salpidae_ __._____ 2
Gempylidae oo .on - 2 I Nemichthys acolopaceus. 3
Paralepididae_ . oo 2 |ocae . Isisting brasiliengis..__ 23
Balistes sp ——— - 17 oo Vinciguerria Lucetin. N 1
Balistidae.._ 4| . Collybus drachme. _ 3 P
Tetra0AONIAAC - m- ommem o mommmmmmmmmmm e 14 | .. Gempylidae. .- . - 2 |-
Unidentified fish.___. 23 | - Exocoetidae mmmmm e e 16 |-

May 27: Paralepididae. . ___.... 3 |-

%.ongllne. station 17; trawl, station 18; 10 stomachs: Tetraodontidae 11 |-
Siphonopho-a. - 5 Sternoptychidae........_.. 2 |-
Euphausiacea - 2 TUnidentified fish b § T
Unidentified Amphipoda. . ool [ — June 3:

Phronima sp. .. . L 3 Longline, station 29; trawl, station 30; 5 stomachs:
- Gennadas sculatus. ... 1 iphonophora. ...

Kerpestes sp__. . 2 Euphausiacea._..

Hoplophorus {ypus.. - 2 Gennadas seutatys. .

Unidentified Dﬂcapod'\ (Mollusea) - cvmeccomeane. [ —— Sergestes orientalis. .

Unidentified T'unicata - [ —— Heplopherus typus.

Pyrosomatidae. o ocom e [ 69 Octopoda___.__.

Salpidae . e 1 s Unidentifled Decapoda (Mollusea)

Photo’tOMAAS SP- e e mmmm 7 Unidentified Tunicata__..._._______.

Thysanactis sp. 3 Pyrosomatidae

Eustomiar sp 2 Echiostoma tanneri.

Diaph18 SP .o e oo e Bathophilus sp...

Nomreidae. Photostomiag sp

Sternoptychidae ... . Thysanactis sp.

Unidentified fish... oo Bregmaceros macclellandi.

May 30: Stomiatidae____

Lon lme, station 21; trawl, station 22; 12 stomachs: Diaphus sp..-.-

lg ouophorn .......... - - 13 Nololychnus

th N 2 Nomeidae__.__.
Euphaublacea _____________________________________________ [ Echeneidae_.__.
TUnidentified Decapoda (Crustacea). .. ___....--_ 3 - Unidentified fish________________.__._..
Hoplophorus foliaceus. H - L 7 PR, June 7:
Funchalia tzumingl..__-.__--.__..-_____-..-, .............. - 2 Longline, station 33; trawl, station 34; 5 stomachs:
Sergesies Sp . - 1 in onophora __________________________ 14
Portunidae: Megalopa. . . - .coceammmemcccmmanon 5 1 Chaetognatha_._ ool 2
Unidentified Decapoda (Mollusea). oo oocee .o 4 |, Euphausiacea . ool
Pyrosomatidae 18 Unidentified Decapoda (Crustacea) e auveemooo|aacaacaan-n
Vinciguerria Iucetia 36 . Unidentified Crustacea...____.__.
Thlllanacfig dentez. 2 Funchalia taaningi.

sp. 1 Sergestes Sp_ e
Diaphu.s [ « YRS PR 12 Hoplophoruc Joliaceus.
Chaetodontidae_ . o eeaaas H WPUS. - oo eee-
Ranzania laenis _ oo oo Enoplometopussp._ ..
Balistidae. .o mmmmaas Portunidae: Megalopa.._—._____.
Tetraodontidae y - Unidentifled Decapoda (Mollusea)-

Sternoptychidae. oo oo e e m———— Enoploteuthidae. .o
Paralepididae. . - Pyrosomatidae
Unidentified fish_ - Diaphus sp
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TABLE 18.—Percentage composition of the stomach con-
tents of longline-canght yellowfin tuna and of the
catches of the 6-foot Isaaes-Kidd trawl on John R.
Manning cruise 20, equatorial Pacific, 1954—Continued

Stomach | Trawl

Organisms 1
contents | catch

June 7—Con.:
Myctophum evermannd . ooooen |- 3
Acanthuridae__......__
Collybus drachme.
Bramidae_.

Larval fish_
Unidentified fish .. 9

me 9:

Longline, station 36; trawl, station 37: 3 stomachs:
Siphonophora. .- —- 8
Odontodactylus sp 1
Euphausiacea .-
Funchalia taaningi___.
Sergestes sp.
goplophor us typus

Unidentmed Decapoda (Mollusca)
Lincranchia reinhardii -
Unidentified Tunicata.__.. ...
Pyrosomatidae.____.__
Salpidae_____._
Astronesthes Sp- - oo -
Ethiostoma lannen.
Photostomias sp--
Diaphus sp.___--._._
Hygophum reinhardti. _ .
Lampanyntus pyrsobolus___ . e a]|aoiaaaen
Myctophidae
Nomeidae

[

June 10:
Longline, station 38; trawl station 39; 2 stomachs:
SIPhONOPhOra . - e e oo e [ e e 13
Euphausiaces. - 16

Salpidae.____
Vinciguerria lucetia.
Ceratocmpelus Iown N
Lampanyct
Uni entlﬁed Myctophidaa_
Dtaphus L7 O,
Ratsuwonus pelamis._
Larvalfish.____....

—

1 Includes all organisms or groups of organisms comprising T percent or
more, by volume, of the stomach contents or of the trawl catches.

catches obtained with the 6-foot Isaacs-Kidd trawl
with the stomach contents of albacore tuna,
Thunnus germo (Lacépide), captured by long-
line. The fishing method, localities, and catch data
for these cruises are described by Shomura and
Otsu (1956). The 10 albacore stomachs preserved
on Manning cruise 22 were from fish averaging
78.3 cm. in fork length, whereas the 14 stomachs
preserved on Manning cruise 23 were from fish
averaging 101.2 cm. All trawl hauls were made
at night between 1900 and 2030 hours.

Although the data are sparse and do not permit.
a station-to-station comparison, when summarized
over the entire cruise as in tables 19 and 20, they
show certain major features in common with the

FISHERY BULLETIN OF THE FISH AND- WILDLIFE SERVICE

yellowfin stomach contents-trawl catch compari-
son (fable 18). Coelenterates and ecrustaceans
made up important percentages of the volume of
the trawl catches but, except for Amphipoda
(cruise 23), were relatively insignificant in the
stomach contents. Of the Mollusca, Pteropoda
were of some importance in the trawl collections
whereas Cephalopoda were largely missing; this
situation was just reversed in the albacore food,
where Pteropoda were absent and Cephalopoda
were very important. Among the Tunicata, the
Pyrosomatidae were an important part of the

TABLE 19.—Percentage composition of stomach contents of
10 albacore taken by longline and of catches of the
6-foot Isaacs-Kidd trawl, Manning cruise 22, central
Pacific, September—-October 195}

Organisms ! Stomach | Trawl
contents | catch
Siphonophora.__ [ - 4
Unidentified Mrdusae.....__._ - 5
L epas jasicularis (1arvae). . - 10
Lepassp.. e ———— - 1
Phronimidae. - ) 3 I—
Unidentiﬂe.d Euphausiidae. .. eee e 1 20
po 2 sp.-. 2
F taaningl e e 1
Hoplophorus grimaldii . . 4
Unidentified ‘!ergestidae 5
Unidentified Crustacea - 4
Unidentified Pteropoda. , 1
Corolla8p. oo - - 3
Unidentifled Decapoda [ ) PR
Abraliopsissp. . ___ - 1
Pyrosomat.ldae --- [ F—— 15
Salpidae._____.______.___.. - 2 2
Elf‘nldentiﬁed Myctophldae _______ W 8
Scomhereﬂomdue
Cololabis sp 46
Total _.___.. . 97 90

1 Includes all organisms or groups of organisms comprising 1 percent or more,
by volume, of the stomach contents or of the trawl eatches.

TABLE 20.—Percentage composition of stomach contents of
14 albacore caught by longline and of the catches of 8
trawl hauls made with the 6-foot Itaacs-Kidd trawl,
John R. Manning cruise 23, central North Pacific, De-
cember 1954

Organisms ! Stomach | Trawl

contents | catech
Siphonophora. 4
Unidentified Medusae 1
Chaetognatha. 2
Annelida...... 1

Unidentified Amphipoeda...
Unidentified Crustacea R
Unidentified Decapoda-.---—-—-
Onycoterthidae. .- o cemo oo e
Argonaitidoe
Unidentified Cephalopoda ......................
Pyrosomatidae
Salpldae -
Stemoptvchldae
Alepisaurus R _________________________
Unidentified Myctophidae

Lompadena sp
Cololabis Sp... ...
Unidentified Pisces.

Total

_______ 08 97

t Includes all organisms or groups of organisms comprising 1 percent or
more, by volume, of the stomach contents or of the trawl catches.
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TasLE 21.—Collection data for siz juvenile tuna captured by midwater trawl in the central Pacific, 1952-56

Position

Number Total Depth Time [Station

+of . Species length | Gear of capture |ofhaul{ Vessel and cruise Date taken taken No.
Juveniles Latitude | Longitude

. Milli-
me ters Meters Zone time

) S Kalsuwonus pelamis. . 18 | 6-ft. heam_._._.___ 0-103 | Hugh M. Smith—15_| June 21-22, 1952.| 2235-0015 | 62-1 5°56' NI, 139°26' W,
) IS SR do. . 18 | I-m.ring____._____ . 0-187 Clit{rlea H. Gilbert— | Apr. 9, 1953____. 02120314 | 12-D | 20°35' N, | 157°32' W.
) D Unidentified__________ <20 | 6-ft. Isaacs-Kidd_.|] 0-95 Jo;l;.l. R. Manning— | June 3, 1054_____ 1842-1957 | 30 1°44'N. 158°15' W,
Y SRR S {2 [}10-t. Isaacs-Kidd.| 0-118 | Fugh M. Smith—27.| Feb. 1, 1955. ... 1030-2041 | 25-1 | 2905’ N. | 179°0% E.
) Katsuwonus pelamis___ 22 |..... do_o..._. 0-176 | Hugh M. Smith—35.} Sept. 26, 1956__._; 1005-2005 | 185 0°02' N. | 159°50' W,

trawl catches and the Salpidae were present in
lesser volume; in the tuna food the Pyrosomatidae
"were lacking, but the Salpidae were present in
about the same volume as in the trawl samples.
Sauries (C'ololabis sp.), the largest single item in
the albacore stomachs examined, were not taken in
the 6-foot Isaacs-Kidd trawl. On cruise 22, a lan-
ternfish (Tarletonbeania sp.) ranked large in
volume in the albacore food, but was not taken in
the trawl. Other kinds of lanternfish were cap-
tured in the trawl on cruise 23, however, that did
not occur in the tuna stomachs.

On'the basis of these data we conclude that the
6-foot Isaacs-Kidd trawl did not sample the im-
mediate food of yellowfin and albacore tuna in
the equatorial Pacific and central North Pacific.
With respeect to the food of other tuna species, such
as bigeye (Parathunnus sibi) and skipjack
(K atsurwonus pelamiz), we do not have sufficient
information collected concurrently with midwater
trawl catches to provide within-cruise or station-
to-station comparisons. For these species our best
data are those given in table 17 and figure 22.

MIDWATER TRAWLS AS SAMPLING
DEVICES FOR JUVENILE TUNAS

Larval tunas of several species have been cap-
tured in the central Pacific in 1-meter zooplankton
nets with mesh apertures about 0.65 mm. in width
(Matsumoto, 1958 ; Strasburg, 1960). The young
tunas captured in this manner have ranged from
8 to about 12 mm. in length, but specimens larger
than 6 mm. were uncommon in the catch. The
number captured per 30-minute haul has varied
from none to several hundred. Both of these au-
thors concluded that diurnal differences in the
catch of tuna larvae resulted primarily from ver-
tical migrations and only secondarily from the

increased ability of the larvae to dodge the net
during the daytime.

The almost complete absence from the plankton
catches of young tuna more than 12 mm. in length
(Strasburg, 1960) could possibly be attributed
to their living in a different habitat or level of the
sea than that sampled by the plankton nets or to
their ability to dodge the net. Since the plankton
net sampled the mixed layer and usually beyond,
to depths as great as 200 meters and sometimes
greater, and the hauls were spaced over a wide
range of latitude and longitude at all seasons of
the year, it “would seem reasonable to believe that
the environment occupied by the young tunas was
being sampled, but at sizes above 12 mm. they
easily escaped the 1-meter net.

It was our hope that by means of midwater
trawls we would capture juvenile tunas of lengths
above 12 mm. which were able to elude the plank-
ton nets. In 274 hauls made with the four mid-
water trawls described in this report we captured
only six juvenile tunas, which ranged from 18 to
60 mm. in length. Three of the six were caught in
the 10-foot Isaacs-Kidd trawl; the remainder were
taken in the other three trawls. The collection
data for these six specimens are given in table 21,

On cruise 15 of the Smith, 7 yellowfin, 36 skip-
jack, and 13 unidentified tuna larvae were cap-
tured in hauls of 1-meter zooplankton nets between
latitude 6° N. and the Equator along longitude
140° W. (Matsumoto, 1958). Four hauls with the
6-foot beam trawl made in this area on cruise 15
vielded only 1 juvenile tuna, a skipjack (K afsu-
wonus pelamis) 18 mm. in length (table 21).
There was evidence, therefore, that considerable
numbers of larval tunas, and most likely juvenile
tunas, were in the area hut were not captured by
the beam trawl. We expected the larvae to escape
through the relatively coarse meshes of the trawl
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net, but we did hope to retain the juveniles 20 mm.
and larger.

The plankton collections obtained on the other
four cruises cited in table 21, on which one or two
juvenile tunas were taken in midwater trawls, have
not yet been sorted for larval tunas. From our
knowledge of the widespread occurrence of the
larvae (Matsumoto, 1958), however, and of the
distribution of the adults, we believe that juvenile
tunas were present in the areas sampled. Qur
failure to catch them in larger quantities indicates
the ineffectiveness of our gear for sampling this
portion of the fauna.

SUMMARY

This study is based on the quantitative analysis
of the catches from 274 midwater-trawl hauls
made on 22 cruises of Bureau of Commercial
Fisheries vessels in the central Pacific Ocean be-
tween latitudes 49° N. and 19° S., and longitudes
108° W. and 162° E,, during the years 1951 to
1956.

Chief purpose of the trawling program was to
obtain quantitative estimates of the abundance and
distribution of forage organisms, particularly
those utilized by tunas.

Four types of trawls were employed: 6-foot
beam trawl, 1-meter ring trawl, and 6-foot and
10-foot Isaacs-Kidd trawls. Descriptions and
specifications of the four trawls are provided.
Hauls were usually of the double oblique type
with the net fishing between the surface and depths
as great as 400 meters, _

In the laboratory, the catch was sorted and the
different kinds of organisms identified to the most
precise degree considered practical. The num-
ber and displacement volume were determined
for each kind or group of organisms identified.

Volume of the catch varied generally with size
of the trawl. In terms of volume of catch per unit
of mouth area, the trawls were about equal in
eatching efficiency within a geographical area.
Essentially, all four trawls sampled organisms
from the same phyla, classes, and orders, but dif-
fered in the families and genera of fishes they
sampled—the largest and most frequently used
trawls caught the greatest variety of organisms.

Night catches greatly exceeded day eatches both
in volume and number of organisms, and also
yielded organisms of larger size. Marked diurnal

differences were noted in the composition of the
trawl catches. Coelenterates, amphipods, stoma-
topod larvae, certain molluses, and tunicates oc-
curred in about equal frequency in day and night -
collections, whereas the faster-swimming forms,
such as the decapod Crustacea, squids, and most of
the fishes, were taken principally at night. We
believe that the day/night difference in catch was
due largely to a diurnal migration and the move-
ment of the organisms into the surface layer at
night, rather than to an ability to dodge the net
during the day.

With respect to geographic variation, catches
of the Isancs-Kidd trawls showed two peaks in
abundance: in the Aleutian Current and in the
region of upwelling and enrichment at the Equa-
tor. The poorest catches were made in the South
Equatorial Current south of 5° S. latitude, in the
North Equatorial Current between 10° N, and 18°
N. latitude, and in Hawaiian waters. Evaluation
by a two-way analysis of variance indicated differ-
ences (P<0.05) among longitudes in the volume
of trawl catches made with the 10-foot Isaacs-Kidd
trawl during one cruise to the equatorial Pacific.

On the basis of “t” tests of the difference be-
tween mean catch volumes, we found no signifi-
cant differences between cruises to the same gen-
eral area (equatorial Pacific) at about the same
time of year, or to the same area (central North
Pacific) at different seasons (late summer and
winter).

In correlation analyses of the relation of trawl
catch volumes and various environmental factors,
we found a significant (P<0.01) positive correla-
tion of trawl volumes and surface inorganic phos-
phate for two cruises and a positive but not
significant (P>0.05) relation for a third cruise.
On one cruise the relation of trawl volumes to C*
uptake by phytoplankton was positive but non-
significant (P>0.05), whereas on a second cruise
the correlation coeflicient was significant (P<
0.01). On all four cruises studied, the correla-
tion between zooplankton volumes and trawl
catches was found to be significant (P<0.01).
These results were in line with our expectations:
that the forage organisms would be more
closely related to zooplankton—their food for the
greater part—than to inorganic phosphate or the
metabolie activity of phytoplankton.
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Expressing the -catch in terms of volume per
unit volume of water strained, we obtained an
average catch for the 6-foot Isaacs-Kidd trawl of

1.86 ml./1,000 m.%, and an average of 1.65 ml./"

1,000 m.2 for the 10-foot Isaacs-Kidd trawl. These
volumes are approximately one-sixteenth to one-
eighteenth of the average zooplankton volume
obtained for the same general area.

A much greater variety of organisms was found
in the trawl catches than in the tuna stomachs,
which might indicate some degree of selection by
the tunas. Most fishes in tuna stomachs were pe-
lagic—characteristic of the surface layer during
both day and night. The most abundant fishes in
the trawl catches were bathypelagie, occurring in
the middepths during the day and migrating to
the surface layer at night. A virtual lack of these
fishes in the tuna stomachs examined may indicate
that tunas feed principally in the daytime and in
the surface layer. Since the trawls were operated
almost entirely at night because the catches were
very poor during daylight and tuna fishing was
carried out during the day, it was not too sur-
prising to find a very poor correspondence between
the composition of the trawl catches and the con-
tents of tuna stomachs, with the similarities great-
ly outweighed by the differences.

In 274 hauls made with the 4 types of trawls we
caught only 6 juvenile tunas, ranging in length
from 18 to 60 mm. On the basis of catches of
larval tunas made in zooplankton nets and our
knowledge of the distribution of the adults, we
believe juvenile tunas were present in these areas
at the time of the trawling. h

The greatest variety of organisms was captured
in the South Equatorial Current and -in the
Countercurrent, the poorest variety in the North
Equatorial Current and Aleutian Current. Mid-
water trawls sampled principally primary and
secondary carnivores, some of which may also be
classed as herbivores and detritus eaters. Strictly
herbivorous animals were very scarce in the
catches. ' '
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APPENDIX

The following list contains authoritative refer-
ences that we found useful in the identification of
organisms occurring in midwater trawl collections
from the central Pacific.
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APrPENDIX TABLE 1.—Swmmary of collection of organisms with 6-fool beam trawl, by cruise, central Pacific, 1951
and 1952
Esti- Catch/hour haul Unusually numerous or bulky
Position mated organisms
Station Date Start |Length| maxi-
of haul | ofhaul| mum
depth | Number | Volume |Adjusted Number Volume
Latitude Longitude volume !
Johr R. lllarmmg.- Zone Milli- Milli- Milli-
Cruise 9 time | Hours | Meters liters liters liters
1 158°12.5' W 1200 1.07 44 7 1.3
18 158°13.5' W._ 1410 .88 156 131 8.0
19 158°16.3' W._ 1525 .97 182 128 5.3
20 158°21.1’ W_ 1704 1.02 175 228 19.8
21 158°12,5' W_ 1947 .93 25 112 5.9
22 158°13.5' W_ 2101 107 169 80 20.6
2 158°16.3' W_ 2 1.05 169 159 77.1
24A 1580211’ W. 0021 1.00 200 184 51.0
24B 158°21.1' W_ 0204 2,27 450 154 314
27 1°23 1"N. 158°12.5' W. 1040 .58 200 117 4.0
Hugh M.
Cruise 14:
1 04°58’ 8__. 155°00' W 1923 .33 5 106 13.0
06°50" S_ 155°05" W 1412 .33 5 82 1.2
06°00° N 139°57' W 2301 1.48 300 1,695 83.4 1,000 euphausiids 18.0
08°00’ N 139954’ W 0040 1.83 103 14,310 434.0 25,000 euphausiid: 613.4
05°56' N 139°26' W 2235 1. 67 103 2,062 217.2 1,000 euphansiids 48.4
05°56’ N 139°23' W 0035 2.40 219 1,146 136.9 -| 720 euphausiids_._.. 37.8

1 Total catch per hour less unusually large organisms or *‘ jellies’’ constituting 50 percent or more of the catch.

APPENDIX TABLE

2.—Summary of collection of organisms with 1-meter ring traiwl, by cruise, central Pacific, 1953

Position Estimated Catch/hour haul
Station Date Start Length | maximum
of haul of haul depth
Latitude Longitude _ Number Volume
Charles H. thbert
Cruise 1 - Zone time Hours Mdeters Millititers
5A. 21°49.3° N 157°32.2' W 1405 1.65 200 14 1.3
8D. 20°35.1’ N 157°32 W 0224 1.03 200 134 6.3
9A 21°49.3' N 157°82.4’ 1330 1.00 134 54 2.3
12D.. 3 157°32.3' W 0212 1.03 187 83 il 6
13A 157°32.1' W 1307 1.18 198 31 5.3
16D. 157°32'W 4 1.02 198 136 6.9
17A. 157°3% W 1310 1.12 144 50 2.5
20D 157°32' W 0202 .08 165 167 14.2
21A 157°31’ W 1248 .98 227 58 1.9
24D 157932 W__ 0410 1.08 196 94 3.8
Cruise
1A 157°32' W 1505 1.25 200 81 0.9
4D 157932’ W 0250 .92 199 325 9.6
13A. 157°32’ W 1320 1.08 134 16 0.6
13A- 157°32' W 1430 1.00 171 154 28
16D-1 157°32 W 0225 110 118 141 9.7
16D-2 157°32 W 0335 1.00 171 54 27.6
16D-3 P 157°32' W 0440 108 169 157 6.9
17A-1 21°49.8/ 157°32 W 1440 1.25 193 25 0.4
17A-2 21°49.8 N_ 157°32' W 1602 .83 206 26 i1
20D. 20°35.2' N 157°32.2' W._ 0510 118 168 2 0.7
Cruise
1 .| 21°50' N 157°32 W__ 1550 125 155 7 1.1
4D 20°35.3" 157°32.3' W. 0340 1.17 169 4 1.8
Hugh M. Si :
Cruise 21: :
- T 28°10/ N 159°21.2' W . . Aug. 10 2140 1.25 90 14 5.7
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APPENDIX TABLE 3.—Summary of collection of organisms with 6-foot Isaacs-Kidd trawl, by cruise, ceniral Pacifle,

1853-55
Position Catch/hour haul Unusually numerous or bulky
Estimated; organisms
Station Date Start | Length |maximum
of haul ( of haul | depth .
Latitude Longitude Number | Volume | Adjusted Number Volume
volume !
John R. Manning; Zone Milli- Afilli- Milli-
Cruise 15: 1953 time | Hours | Mleters liters liters liters
[ 0823’ N_______ 150°12' W_____ May 4 1930 1.00 200 129 93.1
Cruise 16:
Test 21°05' N______. 157958' W_____ July 21 0853 1.32 169 30 8.0
5.._ 08°27" N 154°48.6' W____| July 30 1930 1.27 200 346 136.8
7. 07°04.2' N__.__ 154°85.1' W____| July 31 1935 1.35 200 381 110.1
Cruise 20: 1964
Test 1 21°407 N 158090 W_____ Apr. 28 1900 .33 15 264 10.0
21°39.5' N, 158°10.3' W____| Apr. 28 1931 . 230 250 3
21°00.5' N 157°49' W_____ Apr 29 0713 1.25 135 122
21°56° N 157°49 W_____ Apr. 29 0838 3 232 90
1..... 05°58' N 162°52,5' W____{ May 17 0755 1.38 116 T
2... 05°59' N 162°28" W__.__{ May 18 0712 1.33 110 260
4... 06°05 162018 W_____ May 19 0650 1.27 100 161
5... 05°58° 161°53’ W_____ May 20 0710 1.22 100 41
7--. 05°49' N__. 161°03.9' W____| May 21 1848 1.17 20 631 e
o1 &7 0007 T medusae. X
9... 05°18.5' N_ 161°2¢" W_____ May 22 1855 1.30 100 597 145.3 5 22 tunicates. N 47.0
04°46.5' N_ 161°03.5 W____| May 28 1847 1.38 100 1,086 114.6 §9.5 | 33 tunicates._ - 76.0
e 154°58' W_____ May 25 1850 1.30 90 867 L8 ..
159°41' W_.___ May 28 1843 1.28 85 062 126.2 77.7 | 4 tunieates__. 62.0
160°12.4’ W____| May 27 1846 1.28 100 523 163.3 50.0 | 38 tunicates__......-.- 145.0
158°47.8' W____| May 30 1842 1.25 100 2,042 5
168°23' W____. May 31 1842 1.28 95 7
158°55.4" W.... June 1 1345 1.45 20 2
158°16.5' W___.| June 2 1842 1.27 95 475
158°14.9° W____ | June 3 1842 1.25 95 574
156°64.9’ W_. [ June 7 1840 1.27 90 806
158°18.8' W___.| June 9 1840 128 85 594
15848 W_____ June 10 1844 1.30 90 736
157°14.5' W____{ July 23 2018 1.35 187 181
157°32.5' W____| July 25 1913 1.23 144 141
157°21 W.o____ July 26 2008 1.23 136
157°16° W July 2! 2011 1.40 209 174
159°14.2’ W____| Sept. 15 1924 1.05 105 341
159°57.5' W____| Sept. 17 1910 1.05 95 2,328
159°57.2' W____| Sept. 18 1905 1.03 100 412
150°54' W.____ Sept. 19 1910 1.08 95 528 9 tunicates. A
159°51.4' W____| Bept. 20 1605 1.05 100 87,476 68,600 barnacle larvae. 75.2
159251.3' W____| Sept. 21 1904 1,02 17, 307 16,500 barnacle larvae. 24.8
159°58' W_____ Bept. 24 1919 1.10 100 12,137 {9 ,300 barnacle larvae.. 04.4
3,600 euphausiids...... 11.1
150°57.5' W._._.[ Oet. 4 1908 1.03 95 8,578 5,300 barnacle larvae_. 1.7
174°47.8' W____{ Qct. 21 1910 1.00 100 1 8 tunicates 50.3
175°22 W_____ Oct. 24 1908 1.05 100 L3900 [ 895 |ecmmeooofeammm e amccmccmccm e e e mean
20°546' N_____ 150°48' W_____ Dec. 6 1912 1.13 105 137 [ %75 IR P, PPN .-
9 1913 1.20 100 1,533 55.6 16.0 | 44 tunicates...._.._.._. 47.5
. 24 1910 .93 100 238 4.8 (... 5 tunicates..._.___._.. 9.2
. 25 2012 .97 90 202 83.6 fisk 57.0
2022 1.05 100 199 . 2 S P () P
2017 1.00 00 283 42,5 | e
2012 .97 90 877 L3 T P (Rt PO
2016 .97 o5 853 [ 225 70 PR PR
2010 L 90 772 157.1 60.4 | 58 tunicates. 99.6
2005 1.00 05 605 311.3 28.3 | 38 tunicates.___ 283.0
2010 .97 100 560 [T T I, 18 tunicates. 24,1
2012 1. 95 1,040 | 784 |l
5 1920 .63 95 838 809 [ ]l
. 8 1918 1.00 90 567 156. 4 33.6 | 20 tunicates. 1228
23. . ]60”37 5 W_...| Apr. 8 1915 1.02 105 563 178.4 105.3 | 21 tunicates. ..._...... 74.6
Hugh M. Smith:
Cruise 27:
163°37.4 W.... Jan. 7 1946 1.23 104 383 59
166°56’ W_____ Jan. 8 1948 1.12 112 678 10.8
173°34.5' E_.._| Jan. 14 2028 1.12 110 486 23.7
170°41.,l E_.__| Jan. 15 1940 1..02 110 482 12.6
160°44.3' E____[ Jan. 16 1908 1.00 105 404 13.3
169482’ E__._| Jan, 17 1917 1.00 105 1,020 48.9
178°10.5' W____| Jan. 31 1948 1.02 122 265 8.7
179°81' E_____. Feb. 1 2049 1.02 122 1,437 2.1
179°55.3’ W____| Feh, 2 2049 1.00 144 542 56.1
175%03' W_____ Feb, § 2048 1.03 135 1,157 31.6
173°26.8' W____| Feb. & 2014 1.00 122 2,268 44.8
173°01.5° W_.__| Feb. 7 1911 .08 144 2,759 25.5 R
172°42.6' W____| Feh, 8 1911 .08 100 3,639 136.8 .8 | 4 tunicates__
172°02.5' W____| Feb. 9 2055 1,00 122 302 101.9 . 1 tunieate _
166°41,5" W__ Feb, 12 1957 1L.00 135 1,128 11.4
166°44.3’ W____| Feb. 13 1901 1.00 100 2,350 69.8
166°%44' W_____ Feh. 14 1047 1.03 100 5,869 90.8
164°17 W.____| Feb. 15 1932 1.00 104 2,608 33.0
160°12.5° W____| Feb. 14 10904 1.00 100 2,187 37.9
159°42.8° W____| Feb. 17 1912 1.02 100 4,732 68.9
159°19.5' W____| Feb. 18 1930 .98 100 1.890 37.8
158°55.8' W____| Feb. 19 1931 9% 100 731 13.5
153935.2' W__._| Feb. 20 1930 1.00 117 738 4.1

1 Total catch per hour less unusually large organisms or *‘jellies' constituting 50 percent or more of the catch.
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ApPPENDIX TABLE 4. —Nummary of collection of organisms iwith 10-foot Isaacs-Kidd trawl, Hugh M. Smith cruises,
central Pacifie, 1955 and 1956

Position Esti- Catch/hour haul Unusually numerous or
mated bulky organisms
Station Date Start of | Length maxi-
- haul of haul mum
Latitude Longitude depth | Number | Volume | Adjusted Number Volume
volume 1
Zone Milli- Milti- MMilli-
Cruise 27: 1955 time Hours Meters liters liters liters
23-2. .. 28°32.1' N.___. 178°10' W..___ Jan. 31 2102 LO0 118 882
179°28.5' E..._| Feb. 1 1939 1.03 118 3,629
179°54.5’ W.___| Feb. 2 1943 .98 118 1, 456
_____ 2005 2.17 192 560
2038 .97 215 203
2135 1.28 205 485
1938 115 250 540
2041 1. 40 228 464
2125 1.25 238 262
2135 1.08 223 . 288
2130 L20 275 237
2123 1.15 224 1,118
2139 1. 56 253 1,215
2134 1.00 204 1,539 188.0
2149 1.23 200 6, 865 347.6 | 9,450 euphausiids..; 207.0
2134 1. 05 213 L 695 2.4 |- dsquids_._.____.__ 79.0
2131 .83 185 380 912t e e e
2132 o7 238 1,222 116. 4 (... .-
..... 2236 73 217 7, 210.5 |- it beteronad 5550
o eteropods. R .
.................... . 2200 .75 231 1,728 584.1 288, 1 159 pteropods. 6.0
____________________ 2100 .98 231 1,047
2105 . 57 208
2200 .68 208 876
2204 1.10 215 203
2101 1. 210 259
2048 1.00 206 245
2049 .93 206 662
2104 .98 N7 7
2101 1.10 218 1,335
2105 1.00 210 2,782
2104 1.20 208 4
2105 1.10 212 4,342
2100 1.07 211 252
2202 1.07 209 1,136
2134 1. 214 212
2037 1.02 211 206
2 1.25 206 252
- 2031° 1.15 219 83
157930 W 8 2005 1.02 211 213
157°3% W__... . 2006 1.15 224 T 178
2033 Lo7 337
2045 L7 . 339 285
2023 1.28 462 324
2030 1.22 382 461
2024 1.05 337 373 7 tunicates. -
2025 1.32 395 200 5 tunicates.
2027 1.08 433 326
2020 1.05 357 213
2023 1.17 208 261
2020 1.00 265 233
2022 1.08 337- 365
- 2017 1.02 629 495
132958 W _ 2015 .95 357 368
130°01' W 2026 1.03 337 296
10°30° N 127°20°'W_ .. . 2023 1.03 379 437 1,
11°33' N__..eon 125°06' W _. 2012 1.00 208 505 [ 2,
11°23' N._ .| 122°32’' W _ 2008 1.00 337 802
09°30° N._..__.{ 120°03' W _ 2010 .98 ‘318 410
09°10' N__.....| 117°38' W. 2012 1.00 337 313
10°38' N__ 114°39' W 2016 1.02 208 515
2011 1.02 32 317
_____ 2025 1.05 337 401
2002 1.00 318 631
1938 1.02 337 355
2003 1.02 375 334
1.02 318 521
1 2019 1.02 413 931
2 2003 1.03 357 348
4 2015 1.03 329 436
b 2003 1.00 337
] 2017 1.02 318 1,289
7 2016 1. 318 208
9 0005 1.02 375 304
_____ 9 19556 1.03 357 483
_____ 10 2002 1.00 208 390
_____ 11 2011 1. 318 1,178
_____ 12 2012 1.00 395 2
_____ 13 2008 1.00 357 5,818
_____ 14 2005 1.02 375 497
_____ 15 2005 1.02 337 758
- 16 2010 .95 279 412
139°15' W_.___ 17 2107 1.00 375 482

See footnote at end of table.
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APPENDIX: TABLE 4.—Nummary of collection of organisms
central Pacific, 1955 and 1956—Continued
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with 10-foot Isaacs-Kidd trawl, Hugh M. Smith cruises,

Position ) Esti- Catch/hour haual Unusually numerous or
mated bulky organisms
Station Date Start of | Length | maxi-
haul of haul mum .
Latitude Longitude depth | Number | Volume | Adjusted Number Volume
volume !
. Zone Milli- Afitli- Milli-
Cruise 31—Con. time Hours | Meters liters liters liters
136. 03°31’ N.__._._| 189°15' W__ Nov. 18 2005 1.02 357 378
01°18’' N’ -] 139°31' W__ Nov. 19 2012 .95 379 480
00°57' 8. | 140°00" W__ Nov. 20 2010 .95 318 158
°03’ 8. | 139°49' W_ Nov. 21 1955 1,02 318 314
06°33’ 8. -] 139°30' W__ Nov. 22 2005 1.00 337 215
06°37° S_ -| 141963’ W | 2010 1.02 337 319
04°20" 8 .| 143°65' W 2 2010 .90 279 988 anient 7
) LT ‘unicates. - 3
o1°41’ S-- _| 145°53’ W_____ 3 2013 1.02 337 545 3 -9 (11 heteropod.. _ 300.0
00°28" N._ 147°46' W 4 2011 .93 239 568 753.8 3111 | Tunicates.. | 4117
01°07’ N 149°56° 5 2010 .95 318 152 638. 9 308.1 ( 32 tunicates. _|  228.8
00°09’ 8. 153°00" , 6 2013 92 394 329 249.4 127.7 | 51 tunicates. . ..._- 1,120.0
21°01' N__ 157°54’ W .2 2105 .95 230 284
21°20' N__ 158°21’ W N} 2025 1.00 189 432
21°29' N 58°26' W .4 1912 1.02 189 422
22°02' N 157°4' W . 5 2025 1.00 192 628
21°2¢' N 157°31' W__ . 6 2225 1.00 171 450
21°15' N 158°38'W . . 8 1935 1.03 191 214
21°1% N 158°33° 9 1920 1.02 221 152
21°23' N 168728 W_ . 10 1915 1.05 248 188
00°12’ N 139°53' W . 18 2119 1.07 171 2, 520
00701’ N 139°27' W . 19 2104 .98 180 2,171
01°07’ N 140°07’ W . 20 2105 1.02 1y 3,476
01°08' N 140°10' W . 22 2106 1.10 180 1,431
01°14' N__ 140°35' W_ . 24 2114 .98 176 1, 561
21°88.5' N 158°25.7 W May 7 1915 1.00 183 68 e e B
22°00.3' N 157°42' W __ May 8 2000 1.00 176 318 49.0
21°16.7 N .| 157°31.5' W____| May 9 1020 1.00 171 78 47.1
21°14.3' N..... 158°11' W_....| May 10 2120 1.00 166 413 14,6 | oo e | e
1 1930 1.10 176 192 168 7§ oecmen]| e
. 2 2007 1.13 162 449 181.2
. 3 2020 1.17 180 262 92.0
. 4 1939 1.10 176 ] 93.0 18 tunicates
2014 1.00 180 482 105.0 [ oo e e m e mm e o
2100 .95 191 609 210.0 32 tunicates 97.0
2012 1.03 173 513 224.8 6 tunicates. X
2005 1,03 178 887 1644 oo | oo oo
2007 1.00 173 453 219.7
2007 1.08 176 313 ETI 3 N [ i
2006 1.02 176 156 161.5
2000 1.00 181 518 83.0
2000 1.00 180 38%0 59.3
2100 .98 181 186 .
2006 .95 171 57 32" N (R U US) [
2004 1.00 176 173 3
1047 1.00 168 33 £ e
1902 1.00 171 515 .
1900 1.00 166 1,109 (1 20 ) Sy (St
1900 1.00 171 1,100 X
. 1901 1.00 176 293 N B PR (PRI PPN
1 1913 .98 166 612 .
. 2 2015 1.00 178 935 S N VRIS R RS [
3 1603 1.00 189 838 3
4 2007 1.00 180 87 3
151°13.8' W ... . b 1958 1.00 178 788 X 7 Y 5
150°69.5 W_.._| Sept. 6| 2000 | 100 | Las| s ’580  cuphausilds. - -0
05“29.7’ S 151°11' W 7 2012 1,00 180 313 3
08°44.9' 8 259" 8 1.00 171 579 .
9 2001 1.00 171 1,633 219.1 52.8 euphausilds.. 168.3
2008 1.07 170 176 48,0 21.2 | 12 tunicates._ 26,
2007 1.00 176 45 30.1 10.8 | 11 tunicates 10.3
2005 1,00 176 100 3 12.8 .
2005 1.00 166 131 2 T e
1905 1.00 171 68 .
1905 1.00 180 140 378 (R PR ET PP
1007 1.00 166 187 .
1904 1,00 178 960 b1 2 () PO RS [
1906 .97 166 1, 561 X 3 - 2
1905 1.00 176 1,885 . . - .
1905 1.00 176 1,466 441.9 210.9 | 7 siphonophores.-. 73.5
34 tunieates. _ .| 157.5
07°38.3’ N____.| 160°00’ W .. Sept. 30 1904 97 166 596
10°27.9' N__.__( 160°02.2’ W Oct. 1 1905 1.00 180 485
11°19.3' N 162°07.9' E._ Dec. 2 2031 .95 238 511
11°20.6' N 182°07.8' E Dec. 6 1956 .95 286 241
11°21.7 N, 162°05° E_ Dec, 9 2012 1.05 278 452
11°18.3' N | 162°06.4’ 9 2113 1,00 200 303

Dee.

1 Total catch per hour less unusually large organisms or “jellies” constituting 50 percent or more of the catch.
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ArPENDIX TABLE 5.—Checklist of organisms caplured in 16 hauls with the 6-foot beam trawl, by areas, 1951-52 '

1 Actual number not determined.

) Hawailan waters Equatorial Pacific Total
Organisms Size range
(mm.) Percent Average Percent Average Percent Average
oceurrence | number | occurrence | number |occurrence | number
per haul per haul per haul
- COELENTERATA:
Hydrozoa:
Siphonophora.....--- 5-41 40 35 84 257 56 193
Scyphozoa:
Coronatae:
Periphyllidae:
eriphylla sp. __. 70 10 1 h [} 1
Medusae: Unidentifted. . ... 10-40 30 1 17 2 25 2
Other Coelenterata... <25 60 1 17 500 44 253
CHAETOGNATHA ——- 9-44 100 29 100 178 100 90
ANNELIDA e 157 - 17 1 (] 1
ARTHROPODA:
Crustacea:
Copepoda. . 2-5 30 100 33 6 31 38
Mysidacea:
Lophogastridae. .. .ccoeeeeo. 20 10 10 (] 10
Amphipoda: :
yperiidae. 26-68 17 2 6 2
Phronimidae:
Phronime sp 20-82 | e 67 9 25 9
Oxycephalidae:
Ozycephalus sp.- - 20-33 67 13 25 13
Rhabdosoma Sp- .- 28-75 10 1 87 36 31 29
Unidentified Amphipoda._._. .. <20 50 34 19 M
Stomatopoda (larvae). 7-53 90 36 - 56 36
Euphauslacea: '
Euphausiidae:
Thysanopoda tricuspidata. - b1 1 O " 33 28 12 28
Stylocheiron abbreviaium. 2 17 1 6 1
Unidentified Euphausiaces. . ..o ococamoomroummcccmnena 5-47 28 84 5, 402 62 3,084
Decapoda:
Sergestidae: Unidentified__ N 20-70 40 6 50 76 44 36
Sergestes gardineri_ . _. .o eececmmma————= 20-31 20 5 17 24 19 1
Sergestes Sp. 20-37 10 22 17 40 12 31
Lucifer 8p.-cece--- . <20 17 2 6 2
Penaeidae:
Gennadas sculatus. . b 2| R S —— 33 2 12 2
G das sp..-.... ———— 20-53 30 5 17 5 25 5
Funchalie taaningi 21-60 17 4 6 4
Hoplophoridae:
Hoplophorus typus. 40-50 10 1 17 1 12 1
H. gracilirostria 48-65 20 20 SR SR [ 12 2
H. grimaldii__- 27 10 1 N . 8 1
Acanthephyra trisp 60-83 10 1 17 10 12 []
A. curtirostris 5 10 N O 6 1
1canthephyra sp_. 62-T8 |occcmcaccmca | 17 6 6 ]
INOLOSEOTUS SP e e e e e 2 10 b U N F 6 1
Systellaspis debilis. . ... 50-70 10 b2 [ . 6 2
Pandalidae:
Parapendalus cur s110386N oo oo o ceemcmmnem -55 20 2 67 12 38 9
Parapandalus sp__ by 1 N P F . 17. 2 [ 2
Scyllaridae: Phyllosoma.____. 26 10 ) I P F I, 6 1
Unidentified Decapoda.__.... 10-40 10 12 67 152 31 124
Unidentified Crustaces ..o oo v e e emmn <20 60 (€ TR (N 38 (O]
Insecta:
Hemiptera:
Qerridae:
Halobates sp__. oo L.\ TN PO R, 17 1 6 1
MOLLUSCA:
Gastropoda:
Pteropoda:
Cymbuliidae.____. - 2082 | |mmem e 33 2 12 22
Unidentified Pleropoda. ..o cam e <20 10 o 17. A2 12 6]
Heteropoda:
Pterotracheldae.. ... 20-40 50 4 17 1 38 3
Cephalopoda:
Decapoda (squids):
noploteuthidae. . ... e comcemeeoee 22 [ P, 17 1 [ 1
Chiroteuthidae. e —a e 245 10 U D A, 6 1
Cranchiidae.. - - 7-35 10 2 50 1 25° 1
Unidentified Decapoda, 5-40 10 7 33 4 19 5
Unidentified Mollusca <20 10 ()] 3 25 19 (O]
UNIDENTIFIABLE INVERTEBRATE MATERIAL <20 80 O] 67 75 75 Q]
CHORDATA—Tunicata:
Thaliacea:
Pyrosomida:
Pyrosomatidae 3-78 10 18 100 26 4 25
Salpida:
Salpidae__.__.__ 17-103 10 35 100 62 44 58
Unldentified Tunicata.... <% 40 (O] 50 233 44 (U]
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APPENDIX TABLE 5.—Cliccklist of organismg captured in 16 hauls with the 6-foot beam trawl, by areas, 1951-52—

Continued
Hawalian waters Equatorial Pacific Total
Organisms Size range

{mm,) Percent Average Percent Average Percent Average

occurrence | number | occurrence { number | occurrence | number

per haul per haul per haul

CHORDATA—Vertebrata:
Pisces:

Gonostomidae: Unidentified . |a_ 10 ) IR (R 6 7
Gonostoma sp_.....__ 60 10 b N SO [ 6 1
Vinciguerria lucetia. 20-38 10 1 8 246 38 206
Cyclothone canina. 20-50 10 [, 7 (S F [ 56
Diplophog taenia_ - oo e 43-51 30 2 33 2 31 2

Sternoptychidae: Unidentified .- 30-40 10 . 7 S . 8 3
Sternoptyr diaphana. ... 11-12 10 b2 TR . 6 2

Stomiatidae: Unidentifled. 20 17 1 6 1
Th tis Sp._. 7 17 17 1 8 1
Eustomias .7 « SR o 58-85 10 1 17 1 12 1

Chauliodontidae:

Chauliodt8 8P - - v eeecmeeae - 43 10 b T [ R —— ] 1
Astronesthidae:

Aslramslhes lucifer__._ ... 54 10 b U PR A [ 1
Malacosteidae

Pholoslomms -] 65 10 1 [] 1
Idiacanthidae: Unidentified_.. 24 10 1 6 1

Idmcamhus Jasciola ——— 63 10 ) S PSR F 6 1
Synodonti - 40 10 1 6 1

ermannellldae:

Evermannella afrata___._ v - 20 I 17 1 6 1
Myectophidae: Unidentified... 15-48 50 7 67 18 56 12

Hygophum reinhardii 20 17 1 (] 1

Benthosemea Sp..-nc—vevecevmmean ——- 27-31 20 b7 PN S 12 2

Diogenichthys atlanticus. . 21 10 b (RO IR 6 1

Centrobranchus nmro-ocdlams._ 41 10 | O - 6 1

J\fyc!oplmm brachygnathos 36-45 10 2 17 1 12 2

84-100 10 1 17 4 12 2

M, evermanni. T 20-48 10 4 50 4 25 4

M. aurolaternatum. 28-31 33 1 12 1

Notolychnus valdivi . 21-27 30 3 .- 19 3

Diaphus 8D . e et e m———— 20-48 40 3 67 6 50 4

Lam panyctus pyrsobolus 20-61 20 1 33 2 25 2

L.t M e ———— 52 17 1 6 1

Lamfmnm-rus -3 I 20-70 40 10 50 7 44 9

Ceratosco, dua townsendi — 20-58 20 4 67 9 38 7
Nemichthyidae: .

Serrivomer LY EO 133-230 10 1 17 1 12 1
Exocoetidae:

Erocoetus volztnm 142 - 17 1 6 1
Bregmacerotidae

Bregmaceros macclellandz_ . 16-20 33 1 2 1
Melamphaidae:

Melamphaes Sp.. - - oo oo 60-70 17 2 6 2
Apogonidae. oo oo n i ———————— 20 10 S [ P 6 1
Acanthuridae.. . 21 10 I P (R 6 1
Thunnidae:

Kats 8PEIAMES._ oo ee 18 17 1 8 1
Larval fish:

Leptocephali: Unidentified 25-280 50 2 2 50 2

Heterosomata._ . uoneoo o 17-28 40 [ P I —— 25 2

Unidentified larvae - 4-19 100 17 33 14 75 17
Unidentfified Pisces. - 20-70 20 1 84 8 44 6
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APPENDIX TABLE 6.—Checklist of organisms captured in 23 hauls with the I-meter ring traiwl, by time of haul, ceniral
Pacific, 1953

OHEW HED Do -

Day hauls (11) Night hauls (12)
Average
Organisms Bize range | Percent number
(mm.) occurrence | per haul Percent Average Percent Average
occurrence | number | occurrence | number
- . per haul per haul
COELENTERATA:
Hydrozoa
Siphonophora. o cca- © 5-18 87 19 100 22 75 18
Medusae: Unldentlﬁed.. _________________ 20-70 13 1 [ 1 17 1
CHAETOG MHA e ——mc e —————— 15-4¢ 91 7 91 T 83 i3
ANNELIL DA 6 4 ) A RPN S 8 1
ARTHROPODA:
Crustacea:
Copepoda. ... e - —— 35 48 27 36 26 58 27
Mysidacea:

Lophogastridae:

Gnathoph ia ingens. — 57 4 ) I P 8 1

Amphipoda: :

Phronimidae:

Phronima SP-. - - oo e an 22-25 9 1 18 U R SO
Oxycephalidae: .

szccphalus sp ....................................... 27-20 13 1 18 1 8

...... 30-35 9 1 18 1

Unldentlﬂed Amphlpoda _______ 5-18 30 4 45 4 17
Stomatopoda (larvae). - —_— 11-43 43 2 45 2 42
Euphausiacea: .

Euphausiidae: Unidentified_.....__ . ... .. ... 533 83 33 82 20 92 3

Nematoseelis SP-a-mmm oo e cecccemceccacanae- 22 4 1 [ 8

Stylocheiron sp % 4 b S P O — 8

Decapoda:

Sergestidae: Unidentified.... 24-39 28 3 . 50

Sergestes gardineri. __ . 33 4 ) N P A —— 8
Penaeidae: Unidentified. .. ..o ooooeano 22 9 1 9 1 8

Gennades Sp_ oo cmanae 23-32 9 [ 75 P I, 17
Hoplophoridae:

Acanthephyra IrisPinosa. ..—oo o oocueeeceaacccanan 50 4 1 - 8 1
Pandalidae:

Parapandalus zur slrasseni_ ..o eeene 3461 17 2 [ [ 33 2
Palinuridae: Phyllosoma. . oo 16-30 9 1 9 1 8 1
Crablarvae: Unidentified. ... ..o oo <20 13 F: ) [ I 25 3
Unidentified Decapoda. . oo iocceeececceeeemana- 20-30 13 2 27 3 8 . 1

Unidentified Crustacea.. .. . oo <0 4 O] 9 (O (S (R —
MOLLUSCA:
Gastropoda:
Pteropoda:

Cavoliniidae:

Cavolinit SP- o - oo oo <20 4 1 9 ) U PO, PR
Cymhuliidae._.-....-. 20 4 1 9 S S S
Unidentified Pteropoda 520 9 5 ] 8 8 2

Heteropoda:
Pterotracheidae. . ... 25-50 17 2 18 1 17
Cephalopoda:
Decapoda (squids):

Cranchlidae: Unidentified ... ... occoceomoooooennn 11-156 9} 1 9 1 8 1

Liocranchia globulus. . _ . 9 4 ] P - 8 1
Unidentified Decapoda. .. 10-14 26 1 36 1 17 2

Larval Cephalopoda. . ... oo coeoannn. 13-18 9 m 9 (O] 8 1
UNIDENTIFIABLE INVERTEBRATE MATERIAL ... ..... <20 52 m 55 (O] 58 O]
CHORDATA—Tunicata:

Thaliacea:

Pyrosomida:

Pyr tidae e emammmmcmem e mmmm———mmm e 15-897 30 2 1 2
Salpida.

Salpidae. .. 20-82 52 2 27 4 67 2

Unldenhﬂed TONICALR - - o oo e oo e m e e 12-61 36 4 36 4 2 5
CHOFDATA—Vertebrata
sces

Gonostomidae: Unidentified. . ococemmeecoooeoaan 4 8 1

Vinciguerria lucetiq_--_ . 20-23 4 8 2
Stomiatidae: Unidentified.. 4 8 1

Echiostoma tanneri 50 4 8 1
Idiacanthidae. .. 85 4 ——a-
Paralepididae.__ 32 4 8 1
Myectophidae: Unidentified. >20 [] 117 2

Notolychnus valdivige. . 22-24 9 17 2

Diaphus sp ._____ ...l . 20 4 8 1

Lampanyctus sp..__. 2045 13 25 3

. Ceratoscopelus townsendi—._ oo 22-32 4 8 3

Nemichthyidae:

Nemichthys scolopaceus 595 4 N SR [, 8 1
Exocoetidae ... e —— 2 4 1 9 | P B
Bregmacerotidae:

Bregmaceros macclella: 31 4 ) U PO P, 8 1
Aulostomidae:

Aulostomus valengini. . ... aea. 113 4 1 9 | P e
Bramidae:

Collybus drachme. e oo 72 4 b U O S 8 1
Thunnidae:

Katsuwonus pelamis (juvenile) . ... ... 18 4 1 a—— 8 1
Nomeldae - .o cemmmemc— - 42 4 1 L I N I P
Larval fish:

Leptocephali: Unidentified.. . ... ccooooeoemeeaaa e 20-80 13 1 9 1 17

Unidentified larvae. .o oo 4-19 87 6 01 4 83 K
Unidentified Pisces.-.voceoaan-- 2040 22 2 9 2 33

1 Actual pumber not determined.
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APPENDIX TABLE T.—Checklist of organisms captured in 78 hauls with the 6-foot Isaacs-Kidd trawl, by zones, 1953-55

[For explapation of abbreviations of faunal zones, see D. 289]

SEC Hawail NPC AC All zones
Aver- Aver- Aver- Aver-
Organisms Per- | age age | Per- |Average| Per- [ age | Per- | age
cent (num- num- cent lnumber| cent (num-| cent (num-
oceur-| ber ber loccur-| per [occur-| ber |occur-| ber
rence | per per |rence| haul [rence| per [rence| per
haul haul haul haul
COELENTERATA:
Hydrozoa: i
Siphonophora__._ ... 100 7 35| 100 80 | 257 92 102
Scyphozoa:
Coronatae:
Periphyllidae:
Periphylla sp_ e .| 3| _fecea ] 8 1 | e oo 1 1
Medusae: Unidentified ... ... __ 11 7 1 50 5 1 26 2
Unidentified Coelenterata.___.___. ... .__._____ 6 11 81 2 |ifeeec]ieece e T N T U, 4 2
CTENOPHORA oo i 6 3 5 (-3 R T Y 8 4
CHAETOGNATHA. ..o 00 94 38 88 50 41 87 62
/LI o SRR R RN (R Nmvivioionl Fvsouurioel IR - S AN ¢ YN PRI AOSOUOIoton USSR NSNS UV (AR (RN A 1
ANNELIDA ___ .o oceao]| 20160 | feoaaes 1 25 30 1 10 6
ARTHROPODA:
Crugacea: g ol o o0 | 500 o w
opepoda. ..l | B O e mmeee e 2
Cirripedia;
padidae;
Lepas fasicularis (larvae)_ _____...._.| <20 {oooofecooo|omoii e ea i e e ee 668640 | ... [ ._..- 1 |68.640
Lepassp. (larvae) . ... | <20 |cooo|me e e e e 40 |8, 025 5 | 2,006
Mysidacea:

Lophogastridae: Unidentified _________. 6 1 A SRR PSRRIV BRI 2 1
Lophogaster intermediug_______._..._ 6 1 1 1

Unidentified Mysidacea_ ... _____...... 6| (M 0]

Amphipoda:
yperildae. .o T e femaa] 8 1 | e e e el 1 1

Phronimidae:

Phronima 8P ool 40 2

Oxycephalidae: Unidentified, 4 2
Oxycephalus SP-- - oo 29 2
Rhabdosoma SP—_ ... 47 5

Unidentified Amphipoda.______......_. 27 ( M

Stomatopoda (larvae) ... _______..._... 20 5
Euphausiacea:

Euphausiidae: Unidentified. . __....... 76 681
Euphausia gibboides___________._..._ 9 10
Euphausia Sp- oo 1 3
Thysanopoda monacantha 9 3
T. tricuspidata_ _._____________._..__ ] 17
Thysanopoda sp_ .. —___________..._.. 2 4
Nematoscelis difficilis__________.___.. 1 1
Nemalogcelis SP- - - oo 1 1
Nematobranchton fexipes_ . ___._____ 5 2
Stylocheiron mazimum.__.._.......__ 1 4
Stylocheiron Sp- - o oeeaao-.. 2 1

Decapoda:

Sergestidae: Unidentified..._.....___. - 28 20 14 50 70 22 40 18
Sergestes orientalis.......___. 11 11 2 11
S.gardimeri__ . .. _.________ 9 3
Sergestes SP .- - oo o 30 25

Penaeidae: Unidentified..............__ 1 2
Gennadas scufafus. __._. . ... 27 8
Gennadas Sp_ - . __..___. 2 4
Funchalia taaningi._____.___......_. 22 5
Benthesicymusg Sp--——— . cuo__. 1 1

Hoplophoridae
Hoplophorus typus 20 4
H. gracilirostris. 6 2
H, grimaldii 17 2
H. foliaceus__ _ . 156 8
Eloplophorus sp 8 7
Acanthephyra trispinosa. . ... 5 4
A. quadrispinosa 1 1
Acanthephyra Sp 2 2

Pandalidae:

Parapandalus zur sirasseni._ _......_. 26 4
Heterocarpus ensifer—.........__ 1 1

Scyllaridae: Phyllosoma._ 1 1

Palinuridae: Phyllosoma. 12 1

Portunidae: Megslopa___ 1 1

Unidentified Decapoda. 61 23 17 6 (€ T PR . 28| 0

Unidentified Crustacea.. ..o ocooo.| 320 |oooo{ocenas 155 56 80 | 975 46 475

MOLLUSCA:
Gastropoda:
Pteropoda:

ymbuliidae: Unidentified________._.__.| 2082 72| 8| 8| 2| oaecc] 10| 5 e e 20 3

COrolla SD-.. e e e 38 70 [ 17 4

Unidentified - Pteropoda... ... _._.__.. 25 60| 125 23 62
Heteropoda:

Pterotracheidae. ... ... 89 4 - 25 PN [ [ R 33 4

Carinariidae:

Carinari@ 8P - oo | 28488 || e e 10 2 1 2

Unideutified Heteropoda__._____....._.| 35 [______t____ [ ..\ b .l _.. 6t 1l 1 1

1 Actual number not determined.
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APPENDIX TABLE T.—Checklist of organisms captured in 78 hauls with the 6-foot Isaacs-Kidd trawl, by zones, 1953-55—

Continued
SEC ECC NEC Hawaii NPC AC All Zones
Size Aver- Aver- Aver- Aver- Aver- Aver-
Organisms range | Per- | age | Per- |"age | Per- | age | Per- | age | Per- {Average| Per- | age | Per- | age

(mm.) - | cent [num-| cent [num-{ cent [num-| cent [num-| cent [numher} cent'/num-| cent [num-
oceur-| ber [oecur-| ber |oeccur-| ber |occur-| ber |occur-| per |oceur-| ber |oceur-} ber
rence | per |rence | per {rence| per [rence| per |rence| haul |rence| per [rence| per

haul haul haul haul haul haul

MOLLUSCA—Continued
Cephalopoda:
Decapoda (squids):

Enoploteuthidae: Unidentified_ ________ 10 1
Pterygioteuthis sp- 6 1
Abraliopsis sp 6 3
Abralia sp___ 1 1
Onychoteuthidae
Onuchoteuth is banksii 1 1
Histioteuthidae 1 1
Chiroteuthidae:
Mastigobeuthis Sp.- .o 3 1
Cranchiidae: Unidentifi 5 2
Liocranchia globulus 1 1
Liocranchia sp__. 3 2
Helicocranchia sp. 5 3
Megalocranchia s) 1 1
Unidentified Decapod 18 2
Octopoda: Unidentified 1 11
olitaenidae:
Eledonella sp._ 1 2
Argonautidae:
Argonauta botlgeri 1 1
Unidentified Mollusca____ 41 17
CHORDATA—Tunicata:
Thai;‘acea: i
yrosomida:
Pyr tidae 3 16
Balpida:
Salpidae: Undentified. . 87 70
Iasis zonaria.. .. 6 12
Doliolidae. ... 2 13
Unidentified Tunicata. . 41 23
UNIDENTIFIABLE INV
‘TERIAL 37| O
CHORDATA—Vertebrata:
Pisces:
Squalidae:
Isistius brasiliensis .- _____

Bathylagus ocholensis.__
Gonosf.omldae Unidentifl
elongalum
Vinciguerria luceti
V. poweriae. __.
V. nimbaria..
Vinciguerria sp-......
Diplophos taenia
Sternoptychidae:
Arguropelecus sladeni_
Stomiatidae: Unidentified
Thysanactis dentez__
Thysanactis sp- -
ptostomias sp-
Bathophilug sp____._
Eustomias sp.
Melanostomias SP- - oo oo
Echiosia-ma tanneri____

e
—

POt bt RODND MDD R N e e i DD et bt bt bk e DD bt e DD P b O3 DO DD DD GO O 2t RO RO bt et ek bt

[ ]

-
R =N O O I NN = OISNIN OV O O OT R Ha e

sp
Hagplostomias tentaculatus
Chauliodontidae: .
Chauliodus aloamz _______________________

.4slronea¢h¢a Zﬂﬂfer
A richardaom
Astr LE: ) IR
Malacosteidae:

Photostomias SP— .o .- eue______ I

Arislostomias 8P .- oo
Idiacanthidae:
Idiacanthus fusciola.. . __________._...
I Panammals ___________________

-

Bcopelarchidae: Unldentlﬂed
Scopelarchus 8P« - oo meees

Evermannellidae:

Evermannelle atrat@. . .._____________

Evermannella sp__
Paralepididae_--__ 16 38 4 3
Alepisauridae_— ..ol {5 RS SRS VRPN ARSI I [P 5 1 5 I PRSPPI R,

1 Actual number not determined.
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APPENDIX TABLE 7.—(Checklist of organisms captured in 78 hauls with the 6-foot Isaacs-Kidd trawl, by zones, 1953—55—
Continued

S8EC ECC NEC Hawaii NPC AC All Zones

Size Aver- Aver- Aver- Aver- Aver- Aver-
Organisms range | Per- | age | Per- | age | Per- | age | Per- | age | Per- [Average| Per- | age | Per- | age
(mm,) | cent lnum-| cent [num-| cent [num-| ecent ;num-| eent |number| cent [num-| eent lnum-
occur-] her |occur-| ber |occur-| ber |occur-| ber joccur- per Joecur-f ber [oecur-| hLer
rence | per |rence| per |rence| per |rence| per |rence| haul |rence| per [rence| per
haul haul haul haul haul haul

CHORDATA—Vertebrata—Continued
Pisces—Continued

Myctophidae: Unidentified.
Hygophum reinhardti
Ilg ma;racmr
ygophum sp.
Diogenichthys a
Myctophum a.uperum
M. affine__
M. ever

M, rufinum
M, chhnobm'm
AMyctophum sp
Lampadena nit
Lampedena sp. ..

—

-

g b Y it b R e et DD b b DD D i N et 1D 1 D G0 Y et bt dt D bl Bt bk bt ok O bt et N 23 Bt et OO

D. rafinesquei
Diaphm L]+ I
tus pyr
L omoa!iﬂma _____________
Lampanyctus sp.....
Ceratoscopelus townsendi.
Ni emlchthildae Unidentified.
Nemichthys scolopaceus.- -
Serrivomer beani......
Hemirhamphidae_......___.
Bregmacerotidae: Unidentified .
Bregmaceros macclellandi . ...
Bregmn@Ceros SPauecc e e e oomemm e a e
Syngnathidae:
IDPOCAMPUS SP . e oo b2 20 SRR URREPE) SRS PSS ORI, 5 D ] [T
Trachypteridae:
Trachyplerus 8P - -« oo e
Melamphaidae: Unidentlﬁed..
Melamphaessp....-.._.
Serranidae ... .. ...
Priacanthidae:
Priacanthus hamrur ... o..__.
Apogonidae;
Hltgwlln ]« S

Collybm drachme. .- .- 26-62 11 1
Coryphaenidae_ ..
Chaetodontidae

Acanthuridae:

Acanthurug 8P - oo
Gempylidae. .. _._..__
Scombridae: Unidentified. .

Dierofus SP_ oo
Tetragonuridae:

ﬂ!trn ORUTUE SP-—meem oo ae F: T Y R, . 8 b I RSN FEVSURN (RPUUPR PRV FRNSPUPRR PRI PR " 1 1
Larval -

Leptocephah Unidentified . ... ._____. 40-350 11 1

TUnidentified larvae .
Unidentified Plsces . o---oooooocmmameoee 10-86 28 2 50
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AppeENDIX TABLE 8—Checklist of organisms captured in 157 hauls with the 10-foot Isaacs-Kidd trawl, by zones, 1955-56

[For explanation of faunal zones, see p. 236]

SEC ECC NEC Hawaii NPC AC All zones

Bize Aver- Aver- Aver-| Aver- Aver-| Aver-
Organisms range Per- | age | Per- | age | Per- | age | Per- [ age | Per- |Average| Per- | age | Per- | age
(mm.) | cent [num-| cent [num-| cent jnum-{ cent num-| cent { number| cent num-{ eent (num-

* |oceur-| ber |occur-| ber (occur-| ber |occur-| ber joceur-| per |oceur-] her |oceur-| ber
rence| per [rence| per |rence| per irence| per |rence| haul |rence| per rence| per
haul haul haul haul haul haul

COELENTERATA:
Hydrozoa:
Siphonophora. _ ... 5-450 78 7 77 57 78 31 67 41 [ 100 88 63 61 76 62
Scyphozoa:
Coronatae:
Periphyllidae:
Periphylla sp oo 20-65 1 2 2 1
Medusae: Unidentified. ... 3 1
Unldenhﬂed Coelenterata_......_...__.. - 7% 39 38 21 [1 7 P I 8 2
0 2 23
4
1

OTENOPHORA...._._.__.

...
-]
©
o
olE8%s
-F
3

ELIDA
A RTHROPODA
Crustacea:
Ostracoda. .o oo 2_0 ................................................ 15 21 21 24

-
8

Mys1 acea:

Lophogastridae:

Lophogaster SP e - <o oo oo

G‘nathophumm calcarata.__

Q. longisping......__._

Umdentlﬂed Mys:dacea_

LSODO}TS--& ----------------------------------
mphipoda:

Gammarldae... .o

Cystisomatidae:

Cystisoma Sp. - oo

Phronimidae: Umdenmﬂed. 34 - 8
Phronima 8P - - oo oo eeaeae 20-39 45 2 39 2 71 2 17 1 23 2 32 1

Phrosinidae:

Phrosing 8P _ oo 20 3 p A FRPEVRVR) EPSPRPURITS) FEFRPRPRVAP POUPRpIoR) FEPRPRPEOPE) FURPRPREPS RS (RPN (RS (SR

Oxyeephalldae Unidentified - 1
Ozycephalus sp__..__.__ 20-82 45 4 33 2 21
Rhabdosoma sp-.__ -

Unidentified Am hlpoda ............... 310 38 24 11 11 21

Stomatopoda (lar

Squillidae: Unldentlﬂed ________________
Squillasp...._____
Pseudosquilla sp-
Lysiosquilla sp..__
Odontodactylus hanseni. ..o oooo—-..

Euphausiacea;

Euphausiidae: Unidentified_.__....____
Euphausia pacifica..
E.eximia-___._.

E. lamelligera.
E. gibboides_ ...
Euphausia sp_ - ---oeo.
Thysanopoda monacantha
T.cristata_..___..____. 23-40
T. tricuspidata.
T. aequalis_.._
T. obtusifrons. .
T, pectinata.
T. orientalis_
T, acutifrons._.
Thysanopoda Sp--
Tessarabrachion oculatus.
spinifera
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N. aﬂanuca _______ 20

-
DO Ot = RO it = D QO N e O =T

N. sexspinosus..._..
Nematobrachion sp.. .
gtylochairqm abbreviatum._ ..

[
S OO O N

[

Decapoda:
Sergestidae:
Sergestes prehensilis_._ ... ..____. 511 J8 R PRI PSS Eti P S R [ 8 e E GEErrS
Sergestes Sp- .. _—__.
Penaeidae: Unidentifled_
Penaeus sp_..-..-.

[ 1

0D bt =T 1 D 00 i 6O T e P R

Q. propinquus. ..
G. tinayrei___
Q. incertus.

d. pargus.__ .
Gennedussp__..._..
Bmtheo[snmma Pasithea_
Funchalie balboae

F, taaningi . 20-80 3

Funchalia sp. oo w———————— 25-85 12 8 11 2Ll
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APPENDIX TABLE 8.—Checklist of organisms captured in 157 hauls with the 10-foot Isaacs-Kidd trawl, by zones, 1955-56—
Continued

SEC | Ecc |. NEC Hawaii NEPC AC All zones

Size Aver- Aver- Aver- Aver- Aver- Aver-
Organisms range | Per- | age | Per- | age | Per- | age | Per- | age | Per- [Average| Per- [ age | Per- | age
(mm.) ! cent [num-| cent [num-| cent (num-| cent [num-| cent |lnumher! cent Inum-| cent num-
oceur-| her |oceur-| ber |occur-f ber |oceur-| ber |oceur-| per {peeur-| ber |oceur-| her
rence | per [rence| per (rence| per |rence| per (rence| hanl |rence| per |rence| per
haul haul haul haul haul haul

ARTHROPODA—Continued
Crustacea—Continued
Decapoda—Continued
Pasiphaeidae:
Pasiphaea flagellata . ______...__ 80 |omeeo
Pasiphaea sp._-- -
Hoplophoridae:
Hoglophor-ua typus.
H. longirostris.
H. gracilirostr.
H. grimaldi
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+Lcanthephyra
Notostomus sp-
Systellaspis debi
IS}szellas?is sp.

=

Bote mmarmmmmsm=Fa

Phyllosoma._..._...
Unidentified Decapoda. _
Unidentified Crustacea._._—-__-_.___.____
MOLLUSCA:
QGastropoda:
Pteropoda:
Cymbuliidae____.____ ... 2060 [---- . -f----.-
' Unidentified Pteropoda___. ... ____. 560 32 28
Heteropoda:
Carinarildae:
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ot
méta—'—»w»—u—w = by o0

2
8,

[-1-]
1=
T
H
H
I
H
i
Vo
H
i
H
P
N
=1
®-
gw
1
R
]
(-]
@
&?Oﬂ
Ben

D b

poda:
Decapoda (squids):
Enoploteuthidae: Unidentified...__.._.
noploteuthissp.. ... ..

Abralia trigonura

A. astrosticta. _

—
b O ek et ek 1D ©0 = O G 1 B e D D O

Pterygioteuthis giardi-
P. microlampas. . -
Pterygioteuthis sp....
roleuthiz margaritifera...
Onychoteuthidae: Unidentified. R
‘Onychoteuthis banksti .. . ___.___.__.
Versnyidae:
Octopodoteuthis Sp.. ... oo
Histioteuthidae: Unidentified.
Histioteuthissp_ . ._______. -
Calliteuthia meleagrolenthis_ . ___.___
Bathyteuthidae:
g'enthotcuthia 3 J
enopleryr 8p_ ...
Brachioteuthidae:
Brachioteuthis sg_ ______________
Ommastrephidae: Unidentified
Symplectoteuthis ovalaniens

‘Chiroleuthis imperator.
Chiroleuthissp. __._
Mastigoteuthis sp.
Doralopsissp. ...

Liocranchin sp.....
Helicocranchia sp.
Desmoteuthis sp.
Corynomma sp.. ..
Euzygaena pacifica
Euzygaena Sp. .._..__

1 Actual number not determined.
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APPENDIX TABLE 8. —(Checklist of organisms captured in 157 hauls with the 10-foot Isa&cs-Ki-d(I. trawl, by 2ones, 1955-56—

Continuned
SEC ECC NEC Hawail NPC AC All zones
: Size Aver- Aver- Aver-| Aver- Aver- Aver-
Organisms range | Per- | age | Per- | age | Per- | age | Per- { age | Per- |Average| Per- | age | Per- | age
(mm.) | cent num-| cent [num-| cent num-| cent [num-| cent [number| cent [num-| cent Inum-
oceur-| ber [occur-| ber [oceur-| ber [occur-| ber [occur-| per joceur-| ber [oecur-| ber
rence | per |rence | per [rence| per |rence| per [rence| haul [rence| per |rence| per
haul haul haul haul . haul haul
MOLLUSCA—Continued
Cephalopoda—Continued
Decapoda—Continued
nidentifled Decapoda.__.__...._.._____ 19-205 22 3 28 1 21 1 4 ) 3% PR 10 3 16 2
Octopoda: Unidentified.._.____ 7-30 3 1 6 ) VUSRI PN IV FY 8 1 10 2 4 1
Unidentified Cephalopoda. 3-85 1 [ P R 12 10 | fameoe 26 3 6 5
Unidentified Mollusea. . .- ... . ... <20 10 28 17 12 21 19 || 5 3 11 20
CHORDATA—Tunicata:
Thaliacea:
Pyrosomida;

Pyrosomatidae_ ... 66 15
Salpida:

Salpidae: Unidentified _____...___.____. 80 35
Salpa SP- oo 2 6
Ritteriella sp_ - - oo __. 1 1
Metcalfina heragona. ... ________. (] 5
Thelys vagina___ e 7 5
Tagis 2onari@- - oo 16 7

Unidentified Tunieata. ... _.____.__.__ 27 34
CHORDATA—Vertebrata: ’
Pisces:
Squalidae: Unidentified . ______.._____.__._. 1 1

Isistius brasiliensis. ... ... 2 1
Alepocephalidae__. ... 1 1
Dolichopterygidae:

Bathylychnops exili8.. oo - 1 1
Argentinidee________ . _____________________ 1 2
Bathylagidae:

Bathylagus nigrigenys_ .. ..o __..__ 5 3

B. bericoides. ..o 1 1

B. longirostris_ ... .o .. 3 2

B. ochotensis _ __________ ... 2 3]

Bathylagus SP- o - - oo oeeeeeeeam 4 7
Gonostomidae: Unidentified . .. ... 10 9

Gonostoma elongatum._.. . - o___... 19 3

G.denudatum oo | 48 |.____. 1 1

Gonostoma 8P - oo 13 8

Cyelothone Sp_ ..o ... 1 1

Alargrethia s;;_ e —— e ————— 1 2

Vinciguerria lucetio ... ... _____.. 12 11

V.poweriae. __ oo 2L 1 1

V. nimbaria . ________ . ___ 21-40 1 15 2

Vinciguerria sp_ - oo ee 20-52 54 34 8

Diplophos taenia_ .. ____.. _______.. 38-166 9 8 1

Tchthyococcus oratud_ oo 42-75 1 2 1
Sternoptychidae: Unidentified ... ... - 41 fo. 1 1

Sternoptyz diaphana.__.... - - 1 2 2

Argyropelecus aculeatus. .. _.ooeee ... 31-72 12 20 4

A gladeni___ ... 37-57 1 8 4

Acaffimis . 85-50 |____. 1 2

.4;gyropel¢cus -3 o T 2045 7 5 4

P yxgmus ) R 3758 (... 1 1
Stomiatidae: Unidentified. ..__._________.__ 20195 43 33 3

Stomias nebulosus_._______.____________. 63-106 1 1 8

Stomias SP- e oo ereeeeee 22-195 20 9 4

Opostomias micripnug-.______.___.___.__ 165-215 |..____ 1 2

gposto'miaa ) S 107-185 (... __ 1 2

hy ctis denter - 40-160 17 10 2

Thy ctis sp. 50-190 1 1 b

Teptostomias Sp._ ... 95-225 6 2 1

Bathophilus filifer 75-108 7 7 2

B.pawneei_.. . e aes 63 1 1 1

. Micus._ - 115 1 1 1

Bathophilt® 8D - e oo creveceeeee 20-90 1 2 2

Eustomias brevifilis. .. 85 1 1 1

E. enbarbatus__ - 72-76 1 1 2

. potulus____. 185 1 1 1

E, longibarba__..___ 75 1 1 1

E. schmidfi____________. 175 |ooueoo 1 1

Eustomias sp. 50-205 | 38 2 2

Melanostomlas albibarba... ... _..__._ 220 1 1 1

Melanostomias Sp...__. --| 55-185 4 2 1

Echiostoma tanmeri. ... ____________ 33-280 7 3 3

Echiostoma SP_ v <rarecooccmeeeeea 100 [.oooo. 1 1

PhoLONECHES 8D v ev e 125-175 |-oceee 6 4
Chauliodontidae:

Chauliodus barbatus. . oo coveeeoeeeenne 25-122 1 1 20

“hauliodus sp._ 22-210 40 29 2
Astronesthidae: Unidentified. . __.___...... 20- 9 9 1

Astronesthes richardsoni.._ 76 |- 1 1

A cyaneus. .. ... ... 90-120 7 4 1

A dindiens ool 23-185 [} 3 2

A, filifer.____- - - - 98 1 1 1

A. caulophorus_._ .. 10 ... 1 1

Astronesthes sp. - 25-131 13 7 1

Heterophotus ophistoma......_occooeeo_ 160-190 3 1 1
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APPENDIX TABLE 8.

-foot Isaacs-Kidd traiel, by zones, 1955-56—

Cont.mued
8EC ECC NEC Hawaii . NPC AC All zones
Size Aver- Aver- Aver- Aver- Aver- Aver-
Organisms range | Per-| age | Per | age | Per- | age | Per- | age | Per- |Average| Per- | age | Per- | age

(mm.) | cent inum-| cent [num-| eent |num-| cent [num-| ecent inumber| cent [num-| cent ([num-
oceur-| ber joccur-| ber |occur-| ber |oceur-l ber |occur-] per |oecur-| bher |oceur-| ber
rence | per [rence| per |rence | per |rence | per [rence| haul |rence | per |rence| per -
haul haul haul haul haul haul

CHORDAT A—Vertebrata—Continued
Pisces—Continued
Malacosteldae: Unidentified.._ .. ... ..
Photostomias sp... ...
Aristostomias scintillans._
Aristostomias SP-. oo
Id{acanthidae:
Idiacanthus fasciola__ ... .—.__...
I panamensgis__ .. . ____.______
Idiacanthug sp
Synodontidae.__
Aulopidae
Scopelarchldae Unidentified .
Scopelarchus analis_____
Seopelarchoides nicholsi. _
Evermannellidae: Unidentified.
Epermannella atrata____ ..

Evermannelia SP--oan
Paralepididae: Umdentiﬂed..
Lestidium japonicum.
Lestidium Sp. - e
Mpyetophidae: Unldent.iﬁed
Elmnma crockeri. ...
E. rissoi___ ..
Electr(ma Sp._..
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H, bmmh-. _________________
Hygophum sp
Benthosema auborbttale_
B.fibulata_ ... ______
Benthosema sp. .- ...
Diogenichthys laternatus. ... ... -
D, atlanticus

—
—

=
=

Centrobram:h ug nigro-ocellatus_ _
Tarletonbeania sSp— ... __._..._.
Myctophum asperum.._ 36-66
M. brachygnathos___. __._.______ | 2972 .___.
M. awrolaternatum_. ... ... R
L[ 8DINOBUM e e oo -
M. affine..___. .
M. evermenni. .-
M.rufinum.. ... . ...
M. californiense. ... ... . . ...
Myetophum Sp. -« oo
C'tenoacopelua phengodes. ... ...
Lampedenanitida___.___________________
Lampadene sp. ... . ...
Notolychnus valdiviae..____._____ . _____.
Diap ua theta
D. ni d

O N b e 00 1 1 FD O 1 e 1t 1D 1t 1t s e G B 1 RO 1 00 00

82“!—!
-

—

L.omostigma_.._ ... ___ .. ___ ...
L. steinbecki________ . ________.
L. leucopsarus. - - ooooooe .
L.ngnnochir_____ ... ____.________.
L.ritberio_ .
L.regalis.__._. . ...
L. tenuiformie. . ... .. ...
Lampanyctus 8p. - oo oo
Ceratoscopelus townsendi- ... __.._...
C.maderensis. .. ... ... oo
Natoscopflua [« R
Cetomimidae. . .. ...
Giganturidae:
Gigantureindica. . _..____________.
Nemichthyidae: Unidentified
Nemichthys scolopaceus. .. __._.._._._....
Avocettinainfans.. ... ... ...
Serrivomer beani ... ... ... ...
Belonidae.........._
Scomberesocidae
Hemirhamphidae. ... ... . ________.

—
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1Actual number not determined.
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APPENDIX TABLE 8, —Checklist of organizms captured in 157 hauls with the 10-foot Isaacs-Kidd trawl, by zones, 1955-56—
Continued

SEC ECC NEC Hawaii NPC AC All zones

Size Aver- Aver- Aver- Aver- Aver- Aver-
Organisms range | Per- | age | Per- | age | Per- | age | Per- | age | Per- |Average| Per- | age | Per- | age
(mm.} | cent Inum-{ cent Jnum-| cent |num-! cent Inum-! cent mumber} cent num-| eent num-
oceur-| ber [occur-| ber |oceur-| ber |oceur-| ber |occur-| per |oceur-| ber |oecur-| ber
rence | per [rence | per |rence| per [rence| per (remce| haul [rence| per [rence| per
haul haul haul haul haul haul

CHORDAT A—Verpebrata—Contmued
Pisces—Continued
Exocoetidae: Unidentified_ ... .....__.

Erocoetus sp-— ... ---..
Bregmacerotidae: Unidentified-

Bregmaceros macclellandi. .

Bregmaceros Sp-.- - oo
Gadidae:

Melanonussp_- - . . _.
Fistularlidae__..._

Trachypteridae: Unidentlﬂed

Trachyplerus cristatus._ ._

Trachgplsrus =] « PR
Caulolepidae:

Anoplogaster cornutug.______. ... .._.__
Diretmidae:

Diretmus argenteus_ .. ________.
Holocentridae_.._......-
Melamphaidae: Unidentified.

Melamphaes suborbitalis.

M. frontosus. ... .--

M, robustus.

M, beanii._

M, mi zolepu..

Melamphaes Sp-
Zeldae. i
Serranidae:

Planctamhiaa 3 T
Apogonidae:

owella sherborni ........................
Howell __________

—
€O btk et
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Collybus drachme._
Chaetodontidae

Paeudoscopelus cephalus. ... __
Pyramodontidae:
Snyderidia §P- - o el
Brotulldae Unidentified.
Broiule multibarbata._ .
Gem ylldae Unident,lﬂed
MPYLUS SETDENS_ oo _
Trlchlurldae Unldentlﬂed

—

Ttk bk bk bk ket etk ek ek e ©23 bk bk

Thunnldao Unldentiﬂed

Katsuwonus pelamis- -
Bothidae__ .l
Monacanthidae;

Pervagor melanocephalus ... ..___.
Ostraciidae:

Lactoria diaphanus. .. ... .___...
Diodontidae__________

-
D bt Dk et bt bt et DND et bt ek bt ek ek R e Bt G0 ek ek et b DN B OO0 e b

Himantolophidae:
Himantolophus groenlandicus..------____ 300 |cooo|emmmm e 7 b N SR (VS VU ISRV PR

Ceratiidae:
Cryptopsaras couseii_.. ... _____. b2: 2 (O U IR IR DRI RS [ I, 8 b U P PR 1
Leptocephali: Unldentlﬂed
Unidentified Pisces.._.....
UNIDENTIFIABLE MATFRIAL _______________ <2048 14 45 6 75
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1 Aetual number_not. determined.
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